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REPORT. 


To the Honorable the General Assembly of the State of Rhode Island 
and Providence Plantations, at its January Session, 1903. 


The Commissioners of Inland Fisheries herewith present their 


annual report for the year 1902: 


The work undertaken by the commissioners during the past year 


may be tabulated as follows : 


First. The stocking of our ponds and streams with suitable 
fresh-water fish, through the distribution of eggs and fry. 

Second. The collection of definite data respecting the times of 
arrival and departure of various food-fishes, and the preparation 
of statistics of exportation. 

Third. The location of fish-traps within the waters of Narra- 
gansett Bay, and the collection of statistical data bearing upon 
their ownership. 

Fourth. Further investigation of the red-water plague. 

Fifth. The continued examination of the physical and biologi- 
eal conditions of the waters of the Bay, begun in 1898. 

Sizth. A continuance of the survey of the shores of the Bay, 
for the purpose of determining those portions which are most 
productive of young seed-clams. 

Seventh. A continued investigation of the life-history of the 
clam. Methods of artificial propagation and cultivation. 

Highth. The investigation of the quahaug. 

Ninth. Experiments in lobster-culture. 

Tenth. The efforts of the commission to prevent the illegal 


taking of short lobsters. 
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In pursuing the line of work indicated by the topics given above, 
your commission have continued their policy ; (1) of directly im- 
proving the fisheries of the State by the introduction and protection 
of fish whenever experience has shown it to be advisable ; (2) of in- 
vestigatinge by observation and experiments the fisheries problems 
which are always presenting themselves for solution; and (3) of 
endeavoring to create an intelligent interest in the subject of 
fisheries, in order that the people of the State who benefit directly 
or indirectly by the fisheries may co-operate with the commission 
for their own good. 

There is no longer any question as to the advisability of re- 
stocking lakes, streams, and ponds with bass, trout, etc., and the 
results of the work of the commission in this direction in previous 
years are gratifying and have amply repaid the labor and expense 
involved. It is to be regretted that, notwithstanding the fact.that 
the law states explicitly that fishes less than a certain number 
of inches in leneth shall be returned to the waters from whence 
taken, large numbers of small fish are annually destroyed, by 
thoughtless or indifferent fishermen, which, if allowed to mature, 
would not only afford better fishing, but would materially aid 
nature in her efforts toward restocking. Your commission would 
encourage the formation of local fish and game associations, and 
it should be the duty of every sportsman who is in sympathy with 
the commission in its desire to perpetuate the fishing in our 
waters to discourage among all classes the taking and killing of 
all immature fish. Experiments in restocking waters with new 
fish, and data and statistics respecting the physical and biological 
conditions of bodies of fresh water and of the Bay, are collected 
and recorded with the view, not only to their immediate interests, 
but to their future value, and for the purpose of comparison with 
similar statistics from other States. Were we in possession of 
such statistics for the last fifty years, we should have invaluable 
information regarding many unsolved problems of practical im- 
portance; for example, on the effect of trap fishing on the abun- 
dance of fishes, of the effect of our methods of scallop fishing, 
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lobster fishing, and clam digging on the total product of these 
fisheries. 

It is an undoubted fact, which has too often been demonstrated, 
that many species of fish and shell-fish cannot withstand for an in- 
definite period of time the onslaught of indiscriminate fishing. The 
favorite species must be propagated, fed, and protected. The de- 
termination of the best methods of propagation, of providing for 
food, of protection from natural enemies and man, necessitates a 
special knowledge of the natural conditions under which those 
species live. But more than this, the time has come when these food 
and game animals must be produced in abnormal quantities to meet 
the increased demand, and it is more than ever necessary to know 
natural conditions. A good case in point is that of the oyster 
fishery. Within the memory of the older generation the natural 
oyster beds of our Bay furnished an ample supply; but as time 
went on, the demand upon these beds became so great that even 
with protective laws the beds could not begin to supply it. The 
present great oyster industry has been developed at the expense 
of long experience and a great many costly experiments upon 
methods of propagation, spat collecting and protection. (The 
expense of fighting star-fish alone has been many hundred thou- 
sands of dollars. The damage done by stars to oyster beds in 
Connecticut alone for the year 1888 was estimated by Collins, 
“ Notes on Oyster Industry of Connecticut,” at $631,500.) The clam 
fishery, the scallop fishery, the lobster fishery, are now going the 
way of the natural oyster fishery, while the price is constantly in- 
creasing. It is possible to some extent to check the further dim- 
inution of these fisheries by the enactment and enforcement of re- 
strictive laws, but the framing of effective and reasonable laws 
obviously depends upon accurate knowledge of conditions of life 
of the animals in question; for example, upon the breeding hab- 
its, age at sexual maturity, rate of growth, powers of migration, 
ete. While it is very doubtful if restriction in the catching of 
scup and other migratory fishes would have any beneficial effect, 
there is no doubt that restrictive measures regulating the clam 
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and lobster and scallop would be effective, if they could reasonably 
be enforced. 

Especial investigations which the commission have undertaken 
have been directed to the star-fish, clam, scallop, quahaug, lobster, 
flat-fish, tile-fish, “red-water,” and to diatoms and other microscopic 
forms which furnish food for most of the shell-fish. The star-fish 
became the object of investigation because of its terrible destruc- 
tiveness to the oyster. Attention was therefore directed to its 
breeding season and habits; to the dispersal of the swimming 
young by the tides ; to the great destruction of the star-fish at this 
stage by the menhaden; to the possibility of destroying young 
stars by the removal of grass and seaweed ; to the rate of growth 
and the age at which they reach sexual maturity; to the age at 
which they become destructive to oysters; to their destructiveness 
to other animals, like clams, mussels, etc.; to the method employed 
by the star-fish in opening oysters ; to the enemies of the star-fish 
and to the methods of destroying star-fish, including the effect of 
the old method of tearing them to pieces, and their power of re- 
generation. 

The work of the commission on the clam problem has resulted 
in definite information on the season and manner of breeding, the 
rate of growth, the dependence of the rate of growth upon various 
conditions of location, etc., the distribution of clams in the Bay, 
the age at which clams begin to breed, the age at which they at- 
tain edible size, the effect of excessive digging, the effect of natural 
enemies and of “churning,” also the effect of setting aside areas 
of shore which shall not be dug, and the impossibility of absolute 
extermination. Among the most important results of this work 
are the methods devised of catching the spat, of assisting nature 
to restock the shores by sowing young clams, and the progress in 
artificial clam culture. 

The investigations have now reached the practical stage. There 
is no doubt that the shores of our Bay could be made to produce, 
not double the present output, but hundreds of times the present 
output. There are many problems which remain partly or wholly 
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unsolved, but the commission believe that at the present stage of 
research the main difficulties in the way of developing a clam in- 
dustry of great value, and of gredit to the State, lie in the atti- 
tude of the people who frequent the shores. Ideal legislation 
ewhich, in the opinion of the commission, would give immediate 
and highly beneficial results is perhaps at the present time im- 
practicable because of the great difficulty in enforcing its provis- 
ions. The difficulty which has been experienced by this and other 
States in enforcing laws regulating the oyster, scallop, and lobster 
fisheries, where the apparatus used is comparatively expensive 
and conspicuous and used in a limited territory, would become 
very much greater in case of the clam legislation. The territory 
is very much greater, and is scattered over a hundred miles of the 
shore line of our Bay; the apparatus used is practically of no 
value and easily concealed, and it would obviously be extremely 
difficult and expensive, even if it were possible, to patrol the 
shores and prevent poaching. The proposition of leasing the 
shores to private parties, to the exclusion of others, presents a 
grave question of constitutional right and of general advisability. 
While there seems to be no doubt that the clam output could be 
greatly increased by prohibiting digging for a limited time, 
together with the planting of the shores with seed clams, or, on 
the other hand, by leasing the shore to private parties, it is doubt- 
ful if either of these extreme measures would be advisable at the 
present time. 

The work of the commission upon the life-history of the scallop 
has emphasized the necessity for the strict enforcement of the 
scallop law, and has furnished positive and much needed means 
of determining the age of the scallop. A new method of hatch- 
ing flat-fish has been devised by the commission, which has the 
advantage of the one commonly used, in being simpler and capa- 
ble of installment in any protected harbor or estuary. The occur- 
rence of “red-water” in such abundance as to constitute a plague, 
which has caused the death of great quantities of fish and shell- 
fish, has been investigated and found to be caused by the presence 
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of the microscopic plant (or animal) Peridinium. Further investi- 
gations of the life-history of this‘form, and the causes of its sudden 
appearance and disappearance, are being conducted. 

The increasing importance of the quahaug fishery, the appeal 
for regulation regarding the catching of little-necks, the disputes: 
between oystermen and quahaugers, and the lack of definite 
knowledge of its breeding habits, rate of growth, ete., has led the 
commission to begin a systematic investigation of this shell- 
fish. 

In attacking the problems of lobster fishery, the commission 
have directed their efforts to a thorough investigation of the gen- 
eral habits and movements of the adult lobster, the hatching of 
éges, the rearing of the newly-hatched fry through the critical 
period of their free-swimming life to a stage where they are com- 
paratively well able to take care of themselves; to ascertain- 
ing the conditions necessary to the later growth of the young 
lobsters ; to ascertaining whether the physical conditions of Nar- 
ragansett Bay would permit the rearing of lobsters to the adult 
stage; and to the enforcement of laws regulating the capture of 
short lobsters and lobsters bearing eggs. The success of the 
attempts at lobster culture have been most satisfactory, and 
especially so during the last two years. The apparatus invented 
by the commission, and put into use at Wickford in 1901, which 
proved far more successful than any hitherto used, was supplanted 
last summer by an improved apparatus constructed on the same 
general principle, but much more economical and efficient. The 
experiments of the last three years in rearing lobsters to ascertain 
how long it requires them to reach the marketable size, and to 
ascertain if it is possible to rear them through the cold of 
the winter and the changes in the density of the water in the 
spring of the year, have given positive and encouraging informa- 
tion in this regard, and the commission is in possession of live 
lobsters which were hatched in 1900. The deputies appointed to 
enforce the provision of the short lobster law, report favorable 
progress, and there is no doubt that, through the efforts of the 
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commission, many thousands of short lobsters have been returned 
to the water to become breeders of future generations. 


b) 


The scheme of “reversed legislation,” recently urged through 
the Massachusetts commission and through the press, namely, 
that the law should protect from capture all lobsters above nine 
inches or so in length, and allow to be caught without restriction 
lobsters smaller than this, is, in the opinion of the commission, 
highly undesirable. The present plan, which deals with the 
lobster on the same principle which has proved successful in 
protecting fresh-water fish, game, etec., is the correct one and 
promises better results. The commission would deplore the in- 
troduction of such a subverting method of procedure in this or 
adjoining States, especially at a time when the artificial hatch- 
ing and rearing of lobsters to the “lobstering” stage promises to 
be of practical benefit. 


The commission have undertaken, as a part of their legitimate 
work, to interest the general public in the further investigations 
of the food animals of Narragansett Bay, and have prepared for 
exhibition several series of specimens illustrating the rate of 
erowth of the star-fish, clam, scallop, and lobster, with a relief map, 
or model, of Narragansett Bay, showing the configuration of the 
bottom, the location of oyster beds, etc.; and have begun a collec- 
tion of rare fishes and other specimens of educational importance. 
This collection was exhibited at the Pan-American Exposition, 
where it was awarded a gold medal, and last summer was loaned 
for exhibition at Crescent Park. It is now permanently installed 
at the rooms of the commission in the State Capitol. 


Your commission would take this occasion to thank your hon- 
orable body for generous appropriations which have made it pos- 
sible to carry on their work. The experience which has been 
gained by uninterrupted work, and the valuable equipment which 
has gradually been acquired, consisting of a first-class floating 
laboratory, a launch, and several small boats, make it possible for 


them to work to better advantage than ever before. 
2 
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The receipts and disbursements of the commission have been as 


follows: 


State of Rhode Island in Account with Commissioners of Inland Fisheries. 


1901. Dr. 
Meco ole) Lo*balance due COMMISSIONETS .).).))2) chet) s ss ces cleletee eel $37 O7 
1902. 
Oct 1. To paid for 48,000 yearling trout, and distributing 
SAITO aerate peta te tactic) ae ave) even dla: ity: denee tee eee ane ae 1,097 80 
Dec. 31. To expenses of laboratory on lobster, clam, quahaug, 
flat-fish, and scallop, and ‘‘red-water”’.... ...... 2,817 34 
To expenses of deputy commissioners under lobster 
Tee iS coke ale re tik Cra ee aa ne 2,512 15 
To planting 3,000,000 shad fry . 27. n den ne ents 11 00 
Togplantine black Dass . ...5.4. 28h aoeee eee ier eon 13 13 
OP TUINU TING eae a bans 'oscrecseele ogee patel ae ee AEC aero 10 50 
To expenses of commissioners...... ......... OO 764 04 
AROS Sanaa Ua er tet ae REE nS ey ue! wy CoA ys coe Ei $7,263 03 
1902. Cr. 
Jan. Su py Cash: trom State; Lreagumenyas sapere o)-mbepeiiaco ein $259 16 
6 ue es Ane AR ey Aran) Fiteetet PRR ASTOR uric eer 65 75 
cs : POPE a rNaucdan saetralersie pierce Per She CMe Rtas 15 35 
S th SWE i tathysttars i tbonstas techn, suche eencge tee & 45 00 
oe oy SIMI rane yet ast eetneestans rebel eemist tees 29 60 
Feb. H sa Seabees ee stele evans te ats teistoten ome hator ere 46 92 
‘* TN ohh Me agate: Na\oiets: arate ere Pocket cia efereter ae 25 35 
7. + es OS a AU patie asst ONS, Riley et 67 75 
os ve OO i mraianates jatetiont ae Ustianegctegstei ais aneeks 42 00 
: ‘ Fe DL Ueiahs, dhovaktiskerei da cevere Meena eevee 64 75 
e ce SO es silcaris aca tarePe cane rata vier Mepaieaee auepiar haw 50 
Meb.* ; et NEL MI rasa Oe AMES bt th la 45 50 
E 4 iipalh is invartonoua toute; ieyets! Mate opabeneeated elec ene 56 00 
e 2 POPE) Nicaea eda ta ce catiete seat atemadate a fe 60 50 
: ® Eb Mah SIA ASIN TRS ICEATG SER IONS Citak 1 82 
14, 5 es AR EL Lr rhe biss ans Ody Did Olio mio cada te 72 00 
21. ne Re Se RR eT SIA BET Sesmicnel one e at 5 65 
Apr. 3 : oe eee Wi ikiacalstevcatine ralisvere at ener none RRs 60 60 
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1902. 


Apr. Jie DY CAS LLOM) State LTCASUTED,.,.(0.5 0! <1c0de%s aces seas 2.5 
ee gs Ao ST oes Ae el) AOR ARR 67 
4 a rome Whe Rotstsdo ane ewer et Set Wee 31 
es BS San Ma katax wanstis teats decks mea as 46 
18. ee cs OT Marae Mer enear a SOR ch oe ee 13 
‘ a De dal  Mortahe's &idteare sian ws auaenata hate 1 


24, ees S Srey ucicualeredoetacian’ sit crnsacle cok aets 46 


May 1. OLS Jace og ae he CDN hs ee 60 


10 oe ee ee ae 5 
12. ay “ BH iy pee her's ora anh nies shairchey ataNEREN ene: 5 2 


June ile sé ee 6 aT este, eet UR ee AU eet 7 


Sly) As os i Ce ee ERAS ARON Ont 68 


31. Re a Fp es casas ape sromagunthete ot epedet sete, t 2 
nee 1, ue s Cog) ache hea neenate ee pra aa et 4 


oe ne Fah nid Wh weet s shauracadatas ssh ave olateier suet te 76 

12. es 23 Pat dha varalers aS Aa chet Aeon a stave slaa 78 

30. “ se Bhat sachahe| ore Stabegeevensiewaieie ec atdaee 79 

we us CAS NG Te AIR Pan Ee OL eam Blok Ve 9 

sept. 4 1, % Sa Niall a Sessler rchawe ses lacey sine Stchadentsusnete Fe 82 


Oct. 


Nov. 


Dee. 


ile 
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29. By cash from State Treasurer...............)........ 69 34 
31. os “s OA Mitta tats Shr os Gh \E ON Oey 18 90 
So OGM evOicrs: Lone Ci Nee Ye 20. 24. 

“4 es PE SU Sons esc Aree eeeemra Ce 12 90 

ec ee aM Ren Sen Ate ANA fy NS 4 57 

ANS LOND OSE GEIS Oran hei S Chena ame 19 75 


FROLIC eeye nth R IE RUS cme alee beat tee |) $7,263 03 


J. M. K. SOUTHWICK, 
HENRY T. ROOT, 
CHARLES W. WILLARD, 
A. D. MEAD, 

A. D. ROBERTS, 
WILLIAM H. BOARDMAN, 
WILLIAM P. MORTON, 


Commissioners of Inland Fisheries. 


ProvipENcE, December 31, 1902. 
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I. Tuer STOCKING OF OUR PONDS AND STREAMS WITH SUITABLE 
FresH—WATER Fiso, THROUGH THE DISTRIBUTION OF Eaas 
AND FRY. 


Trout. 


The commission have purchased, and placed in various waters 
of the State fifty thousand (50,000 ) yearling trout. The beneficial 
effects of stocking the streams in previous years are now becom- 
ming clearly evident, and the results are highly gratifying. There 
are several brooks in which the results of restocking have been 
shown in the most satisfactory manner. Many years ago the trout 
were abundant in these streams, but, through over fishing, were 
practically exterminated. In the year 1900 two of these were 
stocked with fingerling trout, and during the past summer the 
commissioners have examined the streams and found a surprisingly 
large number of trout in them. In some instances fishermen have 
complained of the large number of small trout, which interfere 
with the sport of angling for the larger ones. If the fishermen 
would co-operate with the commission by returning to the water 
trout and bass which are smaller than the legal length, the fishing 
in our waters could be maintained with comparative ease. 


Large-Mouth Black Bass. 


The efforts of the commission in restocking the lakes, ponds, 
and streams with large-mouth black bass, have thus far been am- 
ply rewarded. Fishing has steadily improved in the waters 
stocked, and is, from year to year, growing inimportance. Expe- 
rience has shown that the large-mouth black bass is well adapted 
- to slow-running, muddy, and weedy rivers and ponds, while the 
small mouth species prefers clear waters, gravel, and rocky bot- 
toms. The commission is again indebted to the United States 
Fish Commission for a liberal consignment of large-mouth black 
bass which have been liberated during the last year in seven or 
eight different ponds. 
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or 


Shad. 


The commission have received during the past year, through 
the courtesy of the United States Fish Commission, a car-load of 
shad fry numbering three million (3,000,000), which were placed 
in Runnin’s and Palmer’s rivers, one million two hundred thou- 
sand (1,200,000) in the former river, and one million eight hundred 
thousand (1,800,000) in the latter. The run of shad in both these 
rivers was later than that of last year, and the fish averaged 
larger size. 


Alewives. 


The commission are indebted to Mr. George A. Griffin, of Wake- 
field, for information regarding the catch of alewives. Since the 
opening of the branch in Point Judith Pond, alewives have been 
unusually abundant, but the shipment during the past year has 
been rather less than usual, owing to the fact that the market has 
been low. The fish, for the most part, are shipped to the West Indies, 
and the recent political and other disturbances in these islands 
have decidedly interfered with the market. Only about five or six 
hundred barrels were shipped this year, and the price was some- 
what lower than usual. Three or four hundred barrels were sold 
to the local trade. 
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II. Tse Coniection oF Derinirk Data RESPECTING THE TIMES 
oF ARRIVAL AND DEPARTURE OF Various Foop-FIsHES, AND 


THE PREPARATION OF STATISTICS OF EXPORTATION. 


Table of Fish and Lobsters Shipped From Newport During the Year 1902. 


Fish, 
Barrels. 

SAMRAT ge erie oye Fie PF cist ees Vadis ctonetin pas 874 
MOD LURIG eect ene is oe he doce atin 448 
INTAT Climate eit ook ienaa zuclisisrel atts ose 177 
SNE TBA 5 cs Sn ae a Re ee B17 
IUIERIE, 65 6 ooo ce aa Rec 14,527 
EVIL Re erat ts & ate alls rence Bake Gy ae 17,371 
ASS. 2A al oY ee 7,558 
PAT OIG ress s cre on Sule siete ciate alaye rs ect ale 5,490 
CP UCIADE RSs rt sib eees a1 si paie ele eyohsbe 3,646 
(DELODEME A cau tintee Seiasire Goss vntea 1,649 
EMO Ve terns rts, IU. thea ial h os aioe als slatagets 935 
CCR MADO TSA s Mio iek ola kinek ceed 6 934 
PO GA pae acest Marconia d ays err ta ocr ees 53,986 


Deduct lobsters from Nova Scotia re- 
SIP POM Hai sfasl nolo afacsltose oeas perce er enn rere 


Product of Rhode Island......... S56 BBYDRS 


Lobsters, 
Barrels. 


i 


i 
nD 09 
Oo or 


Oa © — or 
oOo Sf DM OW -T 
wm He CoO Re Ot 
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Sword-Fish, 
Number. 


a 
-I 
Co mem oT. 
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Table of Fish, Lobsters, and Sword-Fish Shipped From Newport for 
the Last Seventeen Years by Regular Transportation Lines. 


Barrels, 
Year. Fish. 
MIS SGieee yes sus avers cal Wich dain 
TSB Nep sos tava tend 16,657 
NS SBikene witnesses 15,0338 
SSO tevnsisterreises 19,306 
SO Oke iavayavensisteusnic« 8,938 
SOM steyeper  etisla) shee s 18,032 
AGOZ MT Seeds. 26,832 
SOB hore eteode ts, < 24,452 
Ie bad RocGiomedion 17,769 
PEO OW oa teicvorere ers 24,622 
TS Gee ee poyePecobe a rene = 20,425 
EO Tearicseeeiee 25,098 
Iss Ginter cae Oe 34,065 
TSO ONE AH cholo, sjcishe 34,917 
LOO Oe stat aytetata dere 38, 184 
WOO revokes cuetiels lolectre 50,500 
TISYO sa es Se 53,986 


Barrels, 
Lobsters. Total. 
F 17,484 
854 17,491 
1,161 16,194 
2,047 21,353 
2,650 11,583 
2,204 20,236 
2,123 28,955 
1,399 25,851 
2,392 21,161 
2,119 26,741 
1,728 22,153 
2,039 27,137 
1,165 * 35,228 
4,148 39,060 
4,793 42,977 
4,393 54,893 
4,342 58,328 


No. of Barrels, 
Sword-Fish. Crabs. 


143 
45 
74 

162 

166 
21 
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Lobsters Shipped From Newport to the Following Places, 1902: 


Taunton, Mass., 
Boston, Mass., 

Fall River, Mass., 
Poughkeepsie, N. Y., 
Minneapolis, Minn., 


Rome, N. Y., Detroit, Mich., 
Batialo, N: VY. Troy, Noy, 

New York, N. Y., Binghamton, N. Y., 
Newburg, N. J., Olean, N. Y. 


Albany, N. Y., 
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TIl. Tue Location or FisH—Traps WITHIN THE WATERS OF NaAk- 
RAGANSETT Bay, AND THE COLLECTION OF STATISsTicaL Data 
BEARING UPON THEIR OWNERSHIP. 


With the publication of the report for 1898, the State first came 
into possession of definite data respecting the location and owner- 
ship of the numerous fish-traps within the Bay and immediately 
outside, between Sakonnet and Point Judith. In the reports for 
1899, 1900, and 1901, revised lists of these traps and their owners 
were published, and during the past season the traps have again 
been located, as will be seen in the following chart. A list of the 
principal owners of the fish-traps is here given, together with the 
localities in which the traps are set, as follows: 


Inside Traps. 


Aimy and Sanford (000)*, ..:....2.: East shore, Sakonnet River. 
ibrownelldsohn (OO) Shas od. West shore, Sakonnet River. 
i ETaG iyi, D6 Iie 10 I ge a ae PSA West Rumstick Neck. 
IE roel WAT sc ce ce een eG S05 os © Peete West Rumstick Neck. 
Warpember eros... kee soe okies S. Ferry Wharf, Saunderstown. 
Carpenter Bros...... gaa RARE aS S. Ferry Wharf, Saunderstown. 
Be AOU CTE OPEC cytes ok wi ao Sete 5 yah a aeclahin Cove cecal ae Beaver Head. 
Claillssrenr (CSO Rana ean ner SEN Spouting Rock. 
‘Croncey sed OFC By (01010) eee ea Lower west shore, Sakonnet river. 
Soney de (OO). 2) peals,c's cn <i stoes Lower west shore, Sakonnet river. 
Corey, George and Martin (00)........... North High Hill Point. 
Corey, George and Martin (000) Lower east shore, Sakonnet River. 
Corey and Seabury........... Upper west shore, Sakonnet river. 
CELT TIPE IS Ree SP 1 a ne N. Popasquash Point. 
Pe MCU Mar en tit. Niro aly bin fs bhhiatays wild Nate selene Popasquash Neck. 
“GIG Vikas IPAS Ja CE cD In ee a .2.ae «Popasquash Pomie 
Breet ek ke kote Lcd Nk edn msesn ticle ie coes W. Mount Hope Point. 
Tisai 1LS) 3 aA ie a HES AS NOE ENR ge East Hoe Island. 


* Three ciphers signify triple traps, two ciphers double traps, ete. 
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OUTSET Oia rad Ns ets yc sky oe ee ag sea oes East Hog Island. 
OU ot eM everarnc ty cieher Se ltni Rhy = Sion fads Hleiadvevy rt 3 aly S. Mount Hope Point. 
RG eo EEE MAY VERE ALS Lah Lave Songs yep eansnctonevoseteteh ep cue at set North Tiverton. 
Mroeere mer A (OO ak asec aka) sic. teeenoy ster enseickencheeysc een eos North Tiverton. 
Doris wi Winre isa Pelee Ses cas Upper west shore, Sakonnet River. 
HPP earranman tis APTN NI SEL Des Wo sree eel oth o West shore, Sakonnet River. 
AUEX Gy EASE as Spe sy eer SN eR es chaNire ienlev ower Shs lated acarod sh Sgudolegnay ara baby a¥on germ Rumstick. 
asterbrooks, Comer (00). acs. escu eos eh wae vecdben Price’s Neck. 
Fess la AO IGG TA atl \onsesies ovebtid bevskionsdostee evens renoaseetoe ee 2-5 6 North Tiverton. 
J Ehivs4 12 AGU Mh Tofo ob ea AAU ied By a J Ree GU Ae North Tiverton. 
etek WANS TS. Sus told Slat arin goa oraactuge oe. od Castle Hill, South. 
AGrdliereliclitan es WAU ES 0 acsnekccantictent a aWeie aindcace waeasabboets Coddington Cove. 
Grey a enh ee Heer eat SI 0 cis Nast hebente eer tens halted Church’s Cove. 
Girvan Mass NPR NY gh anda etecoees East shore, Sakonnet River. 
Gray, George E. (00)......... Lower west shore, Sakonnet River. 
Guays Geerce: Hi (000) 5.032 enka ce ss West shore, Sakonnet River. 
Grays Georse iy) oi iieilsenn 26 secon heness West shore, Sakonnet River. 
Creeivs rose (OOO) Vee PR i vascevekene soa cots Seaton West Prudence Island. 
Griffin & Taylor..... Ae Medes Srenese lenamcheadedn, commence fern RAI Watson’s Pier. 
STAN C AR OUMETHO Saskia ass cs aye ess gw ain w etlopeean North Carr’s Point. 
MeleersHienry (OOOO Wei aia eee: West shore, Sakonnet River. 
ETN MNOS Greg et PARE Ries As Sov ma sis Aro Castle Hill, South. 
SATO ARINO LCL Mead gO, gil Ce Co siar sh aie's 4 a ae N. Coddington’s Cove. 
GROVIMAES OMT APE TRUE CELINA BoB eC icrey ayn scape iat p'or waco wack enctalee hs Fox Island 
Maer eabray toma (O0)i rita. bx sha eeors, dbebee West Prudence Island. 
Kaye & Brayton (00)..... _.... Pine Hill Point, Prudence Island. 
Henne MO Wasi eN Ss cy acd abies a syets Upper east shore, Sakonnet River. 
Hein Chas (OOGO) ie mi Maly ckaven so ale, West shore, Sakonnet River. 
Lake and Northup....... Pere eikil Mb ahtOo/a ctor a Water Dey Mee Conanicut. 
Mietkspa nah INGr bh wp Mss wee Re lh oeeeegeeatsahesn as Conanicut. 
ice HSaiae (OO) ines Mees te ator ae elt POLE er Quonset Point. 
eam COMBI LeAnne ence cbeRog wk Mnnt hacks bad pee deals Mackerel Cove. 
ei OMG Hee INARI ME hie au des als Eder a we Mackerel Cove. 
Pica sb OMMNM NOLO eee ARON CAO! SUR eo ade ot ate Mackerel Cove. 


1 Dovssilega cya] S(0 [SR tee 2 eC Brenton’s Point. 
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ADeeaiayis ORAM WM tree pid) as Css obalecs wipeia a fats, wa Ciapaele Miotele .Brenton’s Cove. 
JUGS BTEC See CRE Nis ei shat eens a ea RR A Va Scrage Rock. 
J EGS GTS) BTSs Y a al ie I  eee a a Boa ie ae Sat Plum Beach. 
DT cts) LB TAO iS) 0" 9 el a RS ea .....Wild Goose Point. 
SWIG ROMA: sche Aceves Mials wi he's» Sade. tat Altes i SO eaeae Sauga Point. 
aS OSM iN meth eV tae) seyac'o(a te wait cep aban Dutch Island Harbor. 
MMOS rene tea UN sisie 5 O20. eid Scleid elated Dutch Island Harbor. 
HR ERE OSI Ds ie pad a Savane syn, 010) eins nl ui Ge CN CAR Conanicut. 
RE MTOR PLE BCE, lho. oa iat alae re eA Ree Ie Conanicut. 
lives raineh® Wee (00) ea eae West shore, Sakonnet River. 
EPONA «0h TILA a Er PoE e ne Fogland Point. 
Miner Icon SE RE Bia. iN 5 ays score inie: gui dele mle ee ee aeRO eee Buttonwood: 
MOReMaE Meh ))s./ oss Maka ieh s eae! Southwest Prudence Island. 
Oem Amare 9 £8 scl SARA oaks oem Northeast, Hope Island. 
MoramZene ks (OOO) esi J danas Se) see Ul aeannnrd a teannioe East Hope Island. 
J DOCS 222) 4 Cle Oy MAS aoe UO Re en MD MURA Pi: SIMaD Zt West Hope Island. 
Pele aisona wleeteNr sro /s2%cte Aco ood 9 4-8 le mateo ee area oar ee Buttonwoods. 
Miamchester (OO) ec asl. olla ek West shore, Sakonnet River. 
Meanmichestere Daniel. 0). 6.505! 5.0°) 2) haere ee eee Quonset Point. 
Manchester Mantel ooo. so. Os ave deere eee ee Bee Quonset Point. 
INTROS 1265 721 2 reo a West shore, Sakonnet River. 
i Nn FEE OEE Opes tte Ser Gem MOC RN Abel lI city oo an ik Fox Hill. 
RTT OSOMMP ORG cris etal I Ie Se CATER Tor Re aban ae ee Conanicut. 
HPpaNidrie ne WG) se oo eli el ideal Sh Ge aoe Dutch Island Harbor. 
Pi SaS LOUIE SL ous 1b) oases cee elle eh eten East Bristol Neck. 
SEM OGMOTSS. o1)Ya'sic.hla is Visits + seoe.eon queer East Bristol Neck. 
PAIR TP MY PAN A a D> arch (a sles iishs aigighhaicte wera slateteewe ete Austin’s Hollow. 
ere eT OGL Gly teil telat 4b sniatewlodnn aoe ceaaine Warwick Neck. 
[Eero Ae ei4 og ll a i a i ne one HIER Aci Patience Island. 
TCS ee) CL a ee ee Upper east shore, Sakonnet River. 
LEQIS/S8 LOVETS) O01 Seep Sg a RD ro: Mount Hope, East. 
PE TREO GIIEN So. go. o yeycod, eocts ayale WR ereiat ey ene Mount Hope, East. 
UEP RT CCC! ne West shore, Sakonnet River. 
TANCE G ALS | Upper east shore, Sakonnet River. 


Lsays\c0, dU Be en a .......-Hast shore, Sakonnet River. 
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RUS Ooi uTTI eee Pe tet deta en are 8/42, bie Wy fe Go's North Sapowet Point. 
LAC OTSE) N SPN Ei ho Ae oe ed nd ake a Rea at a TE North Sapowet Point. 
SILOTG ANS Gl 107, Ae We) Ae ee Oecd ean ee eo Tiverton. 
PS UTITLOVY 6 ICG) Na eA de ea Johnson’s Ledge. 
OUTIL Ghd oiiot hott Pa a North Point, Conanicut. 
Ryman Ie sme ice th cat otccave tote tetennaate a Dutch Island Harbor. 
Spite Je Wes L: TEES MRO N ee em Fox Hill, North. 
ISS UOT eee ee hee La wR Ses ety ho sabe ety Chippanogsett. 
SISSON a cab does asec oa eu Long Point, Potowomut Neck. 
POON, Pe MS Saclay Meee na dete SRRG TEES 2 asd North Tiverton. 
NE itd Be 0 aA ea Sr CE Ea ee a PY OC Price’s Neck. 
Hl OME eats SAA Pals Hann sats be ae Austin’s Hollow. 
PE GUNS Ce eee eyaiiahs eee arte tad e Ud Se aii S Beaver Head. 
ME reer ir ss He PAE s Ue IN cis cain td eee ae Saunderstown. 
HI Deiat aT 8] Nee Oe South Saunderstown. 
Waillcox Wahi (000)... 255 Gos cee o ks South, High Hill Point. 
BVilooxehVallpoln iaig i! che etecti ree wleccie syane: ceed sue aes Church’s Cove. 
Viet kero BW 0) oie (07) ae East shore, Sakonnet river. 
Malsonvand: Matehell oe. ccc se area ee Off Brush Neck Cove. 
Wralsonc COO) ii oie ie ND Raa Ee Ds ar Cp Para ea West Prudence. 
CTE Gy aye) fe MERE Ae se Cre A Nana Re cas eee Numer Pojace. 
SEA TRaPs. 
Pre GILAD. G Wie Mier iene dee ease Sse be South Cormorant Rock. 
PS eeveoligiinatis| \Wiscd incite peed Asis. 2 clare, Dace South Cormorant Rock. 
Erronytielllaobre ae hie ae eee een, gos 'anisd okales Seal Rock, South. 
1 Boy, evel d a on] 010 Mace i .Seal Rock, South. 
HTesreayyyariell eho nia sets. ate hoe eee seas aig eos os os South Cormorant Rock. 
Ohme ly. BS (OO) Ho els oie Sd ha a wo ele ok South Sakonnet Light. 
Churehs ji B ss). %. BOO SERA N SS EES RM Ere a eae eo Off Seal Rock. 
MS ipmne tied s (OO) Eve si? sys,c8a-eitesls UG sua oa.> Off Coggeshall’s Ledge. 
COLTETER G1 8 S98 B.S tea South Cormorant Rock. 
LoLNCIE 6] DGG ont Be aetet ae A a ea West Sakonnet Light. 


Woo BOs yee lie sb cone tide Wiad < aes oe North Coggeshall Point. 
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Cle ol eu ETN: Sie (01) De la eo North Sakonnet Light. 
LENSE CTOTST (ChE ne ge Oe Ogg Se ears Off Seal Rock. 
AGES |S Se RO ie re Pe a ....North Sakonnet Point 
IE FoOpaGence HiIshhOO oe. o G4). s. toi 2 t'awt one Cee Schyler Ledge. 
Hose. GeO). )/.0. - sf WARY EE PN RCRA EVR. sins DS I Sakonnet Point. 
snc Sjey Cine) 2 has Oe Pan i ea ae eae eee South Cormorant Rock 
rosea. Bhi.) 22. sah ihe dee necpacra aae Off Cogeeshall’s Ledge. 
anemia (OOP ili ss ates ies soa Sean ce ee South Cormorant Rock. 
PMc end NCTE $54 61 chanehs ls oso 4cie x1 ON eee Off Seal Rock 
Cavin 151s 0 ae ls Ol Oe MeN eet North Sakonnet Point 
Wiirlicoaphicdna es oes OF ole Slot as LN ciate Bry ee Off Sakonnet 
RN sileoraplincr mes se. Uehe tS ee oe ee One ee een Sakonnet Point 
Walicaxmmvalpl 6): Shee Saale meee South Cormorant Rock 
Willcom Grinnell :& Co.sca.sxekas ovens ee eee ae Sakonnet Point 


NARRAGANSETT BAY. 
Showing the Location of Fish Traps for 1902. 


PREPARED BY THE 
Bhode Island Commission of Inland Fisheries 
to accompany Report for 1902, 
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TV. FurtHer INVESTIGATION OF THE RED—WATER PLAGUE. 


The remarkable occurrence of red-water in the Bay, particularly 
in the Providence River, has been observed for many years. Some- 
times it becomes exceedingly annoying on account of the bad odor 
which accompanies it. On some occasions, when it has occurred 
in very great abundance, it has seemed to be responsible for the 
death of vast quantities of marine animals. Shrimp, crabs, eels, 
menhaden, flat-fish, and many other animals have been stupefied 
and washed ashore in windrows. The commission, in 1898, made a 
preliminary investigation of the matter, and discovered that it was 
caused by the excessive abundance of a microscopic animal (or 
plant) organism—Peridinium. (See report for 1898.) The cause of 
its sudden appearance and disappearance, the explanation of its 
effect upon fish, and the general facts of its life-history are un- 
known. It is indeed a new species. The commission have en- 
trusted the thorough investigation of the subject to Mr. E. W. 
Barnes, whose paper will appear in a future report. 


24 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


V. Tue ContTiINnvepD EXAMINATION OF THE PHYSICAL AND BrioLoGti- 
CAL CONDITIONS OF THE WATERS OF THE Bay, BEGUN IN 1898. 


Data concerning the temperature and density of the water, the 
occurrence of microscopic animals and plants which furnish food 
for shell-fish, and miscellaneous notes in regard to various other 
physical and biological conditions, which may be of use in future 
investigations, are being collected by the commission. | 

The changes in these conditions which have been brought 
about by the opening of the breach into Point Judith Pond are 
extremely interesting, and are of great importance from a practi- 
cal point of view. The pond comprises a considerable body of 
water. It is about four miles long, and one and a half miles wide 
in the widest portion. The pond was formerly in more or less 
free communication at its lower end with the salt waters of Long 
Island Sound, but for many years has been closed during a con- 
siderable part of the time by the sand bars. Through the efforts of 
the local fishermen, the breach has from time to time been opened 
enough to provide a runway for alewives, which are annually 
caught and prepared for export to the number of from 1,000 to 
4,000 barrels. 

For several years, those who have recognized the possibilities 
of this body of water, if its communication with the sea could be 
maintained, have urged the permanent opening of the breach, and 
in the spring of 1901 the work of making such a permanent open- 
ing was begun, and is now near completion. The operations include 
the dredging of a canal through the bar and well into the pond, 
and the building of a jetty on the outside to prevent the subsequent 
filling of the canal with sand. The results of the opening of the 
breach have equalled the highest expectations. During the first 
summer clams and oysters set very abundantly all over the pond, 
the oysters lodging, not only on gravel, old shells, brush, ete., but 
upon the widgeon grass. In the latter part of September, 1901, 
the breach was closed, and was opened again on February 18th, 


FiG. 2.—This figure is reproduced from a life-size photograph, and represents a sample 
of the newly-set oysters taken from Point Judith pond by Mr. George A. Griffin. The 
small specimens are seen to be very thickly scattered over the surface of the large oyster 
shell, and the larger specimens below and to the left represent oysters which have set on 
the widgeon grass. The under surface of these oysters bears a deep grove made by the 
growing of the shell around the spear of grass.—(Reproduced from Report for 1901.) 
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Fra. 3.—Cluster of oysters taken from Point Judith pond in October, 1902. These 
oysters were set in 1901 after the opening of the breach at the lower end of the pond. 
Compare with Fig. 2. Several thousand bushels have already been taken trom the pond. 
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1902, remaining open about a week. About the 10th of March it 
was again opened, but filled once more in about ten days. Early 
in April another opening was made, which remained throughout 
the summer and fall. It is thought that, when the jetty is com- 
pleted, the opening will be permanent. 

Notwithstanding the fact that the communication with the 
sea was cut off for several months in the winter, the clams 
and oysters remained and have shown a good growth. The two 
accompanying figures of oysters, taken respectively in the fall 
of 1901 (reproduced from last year’s report) and in the fall of 1902, 
speak for themselves. The value of the clam and oyster crops of 
the pond alone is very great, and under careful management the 
annual yield would undoubtedly much more than pay for the 
whole cost of building and maintaining the breach. Besides the 
clams and oysters, there have already appeared in the pond many 
kinds of food and game fish which have not been taken there for 
about thirty-five years. Among these are the blue-fish, striped 
bass, squiteague, and flounder. 
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VI. THE CoNnTINUANCE OF THE SURVEY OF THE SHORES OF THE 
Bay FoR THE PurPOSE OF DETERMINING THOSE PORTIONS 
Wuicu Are Mosr Propuctive oF NEWLY SET CLAMS. 


During the past season the commission have again made an ex- 
amination of the shores of the Bay, to determine the clam set. 
As stated in the previous reports, the comparison of results 
from year to year shows that the set of clams varies in abundance 
in successive years, and that, in certain localities, where the set is 
very abundant in one year, there may be almost no clams in the 
succeeding year. In the three years preceding the last summer, it 
was possible to obtain from certain limited areas a very large 
number of young clams, suitable for sowing, which measured, in 
the latter part of July, from an eighth of an inch to about one- 
half inch in length. In 1901, on the east shore of Green’s Island 
the set was the thickest that has thus far been observed. As 
stated in the report for that year, nearly eight thousand (8,000) 
small clams were dug in one shovelful of sand, and twenty bushels 
of these minute specimens were taken from a comparatively small 
area without noticeably decreasing the whole number. In 1900 a 
small area on the Buttonwoods shore furnished also a very thick 
set of clams. In 1899 similar thick sets were found on Cornelius 
Tsland, near the entrance of Mill Cove in Wickford harbor. Dur- 
ing the past season, however, the most diligent search in all these 
localities, as well as in many others, failed to discover any area in 
which the clams set in great abundance. 

At Green’s Island the clams which set the year before are still ex- 
tremely abundant, and they furnish an excellent opportunity to 
observe the greater growth, and also to observe the rapidity with 
which the clam diggers denude a productive area. During the 
present year this area did not have one newly set clam to a thou- 
sand of the year before. The explanation of this variation in the 
thickness of the clam set in certain areas in successive years is 
still to be discovered. That there were many free-swimming 
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young clams in the water is not to be questioned, and indeed on 
the mussel beds at Nayatt Point the set was quite abundant; but, 
owing to the presence of the mussels and the stony condition of 
the ground, the young clams could not be gathered in sufficiently 


large numbers to render transplanting feasible. 
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VII. A ConrtTINUED INVESTIGATION OF THE Lire—HISTORY OF THE 
CuamM. METHODS oF ARTIFICIAL PROPAGATION AND CULTIVA- 
TION. 


These investigations, which have been continued since 1898, 
have each year become more interesting and promising of practi- 
cal results. The commission in 1891 felt warranted in asking that 
a reservation be allotted them upon which experiments could be 
made on a larger scale than before, and under normal conditions. 
Your honorable body granted to the commission such a reserva- 
tion, not to exceed three acres of land between high and low tide. 
‘The commission selected such land with a view to furnishing 
various conditions of soil, etc., and planted upon it a large number 
of clams. The results of these experiments have been most satis- 
factory. 

In this investigation the commission have appreciated the co- 
operation of the citizens owning land bordering the shore, who 
have taken an interest in the experiments. The following paper 
gives the results of investigations which have been carried on dur- 
ing the past season. 


OBSERVATIONS ON THE SOFT-SHELL CLAM— (Mya arenaria.) 


(FOURTH PAPER.) 


A. D. MEAD AND E. W. BARNES, 


BROWN UNIVERSITY, PROVIDENCE, R. I. 


In view of the importance of the soft-shell clam as a food pro- 
duct, and in view of the increasing scarcity of clams, the Commis- 
sion of Inland Fisheries have for several years been conducting a 
systematic investigation of the life-history, habits, and require- 
ments of this species, together with experiments on clam culture. 


We have had constantly before us certain general questions : 


What is the breeding season ? 

How, when, and where are the eggs laid; and what are the hab- 
its of the young fry before they set and begin to burrow ? 

What is the rate of growth of the clams after they have set? 

At what age do they breed ? 

What are the natural enemies of the clam ? 

What is the food of the clam ? 

Is it feasible to transplant clams ? 

What is the best method of collecting spat and transplanting ? 


The information already gathered has thrown light on all of 
these questions, and during the past two seasons we have been 
making use of the facts relating to the natural history of the clam, 
and have got under way a number of experiments to test our con- 
clusions in regard to the methods of clam propagation and the 
possibility of replenishing the shores. In order to make intelligi- 
ble the report of the progress of this work during the past season, 
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it is necessary to review briefly some of the more important facts 
in regard to the habits of the species. 

The breeding season was found to be, for the most part, in June, 
though it begins in May and ends in July. Clams spawn to some 
extent also in other months, but in comparatively small numbers. 
In the early spring (April) a meagre set is sometimes found, which, 
from the uniform size of the specimens, seems to represent a 
definite breeding season, probably in the late autumn. This set 
is so sparse that it can hardly be considered to be of any economic 
importance. (Report for 1899, page 23; report for 1900, pages 22 
amd 23.) 

The sexes of the clam are separate. The eggs are of micro- 
scopic size and are laid in inconceivably great numbers wherever 
adult clams abound, being extruded, without any means of protec- 
tion, into the sea-water where they are fertilized. The young larvee 
which develop from these eges are swimming animals of micro- 
scopic size also, and are carried by the tides and scattered in every 
direction until, after a period of several days (the exact duration 
is not known), they strike upon some object lke sea-weed, stones, 
or the ground itself, and become attached by an apparatus exactly 
comparable to the anchor-threads of the common mussel. But, 
although the spat is everywhere present in the water, the density 
of the set along the shore is very unequally distributed ; so that 
in one area the little clams may be found in great abundance, 
while in other areas, not far off, very few are to be found. It is 
also true that these areas which are most favorable for catching 
the spat are often not favorable for the future growth of the clams. 
The significance of these peculiarities of the young clam for the 
future of the clam industry cannot be overestimated. (Report for 
1899, pages 23 to 27.) 

The problem of the rate of growth of the clams after they have 
set has received a large amount of attention, on account of its 
obvious practical value, and the results, illustrated by numerous 
photographs, are given in the reports for 1899 and 1900. The rate 
of growth varies greatly according to the locality, and the varia- 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. ol 


tion can be referred back still further to two general conditions : 
Ist, the position of the individual clams as regards comfortable 
surroundings, and 2nd, of more importance, the position in rela- 
tion to the abundance of food-supply. In certain localities, and 
at certain depths of water, the average food-supply is greater than 
at others. Moreover, the longer the water covers the clams, the 
longer time they can feed; for they derive all of their food from 
the water, and can take it only when they are submerged. Other 
conditions being the same, clams grow more slowly near the high- 
water mark. Without taking into account the extreme variation, 
the one-year-old specimens vary between three-quarters of an 
inch and two inches in length. 

Contrary to the opinion ordinarily held, the clams reach sexual 
maturity and breed during the first year of their life. 

In regard to the natural enemies of the clam, it is doubtless im- 
possible to enumerate them all. Of the eggs laid, probably great 
numbers perish without being fertilized. Of the enormous num- 
ber which reach the swimming stage of development, it is certain 
that only relatively few are successful in burrowing. During these 
early stages, not only are they preyed upon by innumerable small 
predaceous animals, but the chances of perishing by falling upon 
unfavorable ground where they are smothered by the silt, or where 
they cannot burrow on account of the rocks are equal to, if not 
greater, than their chances of falling upon good ground. When 
they begin to burrow they are subject to the attacks of the crabs, 
eels, star-fish, and probably many other enemies ; and those which 
attain a somewhat greater age are continually being dug out of 
their burrows by man, and thus exposed to the attacks of fishes and 
all other enemies, even if they are not actually carried away by the 
clam-diggers. There is some evidence that in certain parts of the 
Bay the red water has worked havoc among the clams, as 
mentioned in the last report. It is probable, however, that the 
excessive and indiscriminate digging is largely responsible for the 
decrease in the clam product of the Bay. 

The clam gets. its food-supply from the sea-water, which is 
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drawn in through the incurrent openings of the snout or siphon. 
The food consists of microscopic organisms of various sorts, a 
large portion being diatoms. The abundance of this food varies 
in different localities, and in the different depths of water, and at 
various times of the year. The clam feeds continuously when 
covered with water, if it is comfortably situated.* 

The work of the past season, 1902, may be conveniently classi- 
fied under the following headings: Further observations on the 
breeding season, spat collecting apparatus, continued growth of 
“ artificial set,” continued experiments in transplanting clams upon 


reserved plots, and enemies of the clam. 


Further Observations on the Breeding Season.—The possibility 
that there is a second more or less extensive breeding season for 
the clam, in certain years at least, is indicated by the observa- 
tions made in the spring of 1900, and we quote the following para- 
graph from the report of that year : 


“ Between the reeular spawning season of June, 1899, and June, 
1900, there was another distinct breeding season, probably in the 
fall of 1899. The set resulting from this was first discovered in 
April, 1900, when the largest specimens were about one-quarter 
inch long. The evidence that this was a fall set is that every spec- 
imen had the surface of the shell next to the hinge corroded and 
distinctly marked off from the new growth. This condition is 
never seen in the summer set, but would be accounted for if the 
clams lay for months with almost no growth. The mark persists in 
these specimens until they are more than an inch long. By the 
tenth of June some of these had grown to 30mm. in length and 
were as long as many sexually mature year-old specimens. Pho- 


tographs of specimens taken May, 1900, are shown in figure 7.” 


In the spring of 1901 very few clams were observed which 
seemed to have set out of the regular season, but during the pres- 
ent winter such specimens have been found in greater numbers 


than ever before. In the latter part of January, 1903, small clams, 


* Report for 1901, pp. 20 to 238. 
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ranging from those which were hardly visible to those nearly one- 
half inch in length, were taken in abundance from the spat col- 
lector at Rumstick. Figure 6 represents the clams of various 
sizes taken from an area 6 x6 inches in this spat collector on Janu- 
ary 20th, and the smaller specimens belong to this latter set. 
The shores in various places were immediately examined, and it 
was found that in many localities similar small clams were present. 
At the reservation bed in the Kickemuit river they were abund- 
dant, although not so thick as in the spat collector. The set of 
clams at the regular season seemed to be much poorer in 1902 
than in the three previous years, and for the first time in four 
years we were unable to find any locality in which they set in 
great abundance. Whether the fact of this meagre set at the 
usual time is related to the fact of the increased winter set, we 


cannot say at present. 


Spat-Collecting Apparatus.—The principle of this simple contriy- 
ance, to which we have several times referred, is discussed in the 
report of 1900, page 25. A box is set into the ground or is filled 
with sand, and the cover provided with a fine screen or perforated 
with numerous holes; the box is then placed where the tide will 
cover it for a considerable portion of the time. The small swim- 
ming clams find their way into the box and apparently have difti- 
culty in getting out. At any rate, large numbers will set in the 
box, even when the set in the immediate vicinity outside is very 
sparse. Through the kindness of Mr. Charles Alexander, we have 
been able to place one of these collectors on the shore of Rum- 
stick Point with the best assurance that it will not be disturbed. 
Figures 4 and 5 show this particular collector in operation. It is 
modelled after Mr. Alexander’s ingenious invention for retaining 
and growing clams, which is described and figured in the last 
report. : 


Continued Observations on the Rate of Growth.—The conclusion in 
regard to the rate of growth stated in the previous reports has been 


confirmed by the further experiments and observations: First, 
5 


34 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


there is a wide difference in the growth of clams placed under differ- 
ent circumstances ; second, under ordinarily favorable conditions, 
a respectable marketable size is attained in about one year and a 
half. The clams which set so thickly at Green’s Island in 1901, 
where nearly 8,000 were taken in a single shovelful of sand, have 
been observed from time to time and records of their growth have 
been kept. A large number of these specimens were taken from the 
island and transplanted into the various plots of shore reserved 
for this purpose. The conditions under which the transplanted 
clams have lived differ in the several localities, and differ, also, 
from those at Green’s Island. Besides these clams, we have had 
under observation a valuable collection which were set in 91 and 
92 in the spat collector at Rumstick, and we have also the sur- 
vivors of the “artificial set,’ which is described more at length 
under the next heading. The clams of the Green’s Island set 
which have remained there have grown somewhat less rapidly 
than those which were transplanted at Wickford and the Kicke- 
muit river. The figure 6, reprinted from the last report, repre- 
sents the size of these clams at the time of transplanting, and 
figures 7 and 8 their size when one year and a half old. These 
figures show the average rate of growth in different localities. 
The clams set and reared in the clam-catcher at Rumstick are 
shown life-size in figure 17, the larger one representing the set of 
the summer of 1901. 

Continued Growth of “ Artificial Set.”—This name has been ap- 
plied to the clams which were caught from the water by the first 
spat collector in the summer 1900. Thirteen hundred specimens 
about the size of the Green’s Island specimens in figure 6 were 
taken in one square foot in this apparatus, and many of them were 
transplanted and raised in boxes. An account of their growth has 
been given in previous reports. The boxes have been placed in 
various localities, from time to time, and the rate of growth has 
been correspondingly increased and diminished. On the 22nd of 
August, 1901, about a year after they were transplanted, the aver- 


age length, computed from measurements of seventy-five speci- 
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mens taken at random, was slightly over two inches. On January 
20th, 1902, eighteen months after transplanting, the average length 
was about 24 inches. Samples of the specimens at this time are pic- 
tured life-size in the last report (figure 4). On August 5th, 1902, 
when they were two years old, the average length of all the speci- 
mens which remained was 2;°5 inches (74 mm.). The smallest 
specimen was 24 inches long and the largest one 33 inches. The 
following table gives the size of all the specimens on that date: 


No. of specimens. Length in inches. Length in millemeéters. 
1! Disp Cro prc re cee ere Bare Sit NL) EECICEENS Bangs 23S COORONG CCRC 85 
ll. note Aedes ded Gn Sou o-ode.an BEET metG Che pe PO acinue ch Otto ere 80 
NI Gtga ecw peck Sons seksin sat pode Be Mier cnce eS Acer) icc ee 79 
PALO eh ene RC een Sea Big mala tee oe cartes ua een ete as 6 77 
Ara asec recto calito te otels poss. Steases Sia. Gh cient tas oe, A erento ee 76 
MG ie nccotes Maeseuctitseeys sow ceatere cae 242 Dis Bsa e SEW ees Sey x ci acute 74 
Doe tie Sere. Sree ne DHE AM cite gy center ee os 73 
hike oa” a eer UOTE, fae. i aN 0 re 7fil 
PAN, sacs Natio s,.aeheys et rE oie Bos Date Mis. akc4s Ausie wa 6 eek eae eek 69 

QR eer rsdeks siikorsrerakchelste rcs, exe oars FE Se ee hora hc aad ae 67 

1k) oreo Boe erat aa aint keene oe ee Vee Pata See RTE S Cea 5 OG p Oe 64 


The growth during the past year has probably been smaller 
than it would have been had the specimens lived under more 
favorable conditions. They were left on the shore in the box, and 
most of the time had a depth of soil insufficient for the best growth. 
The brief history of the growth of these specimens, from August 
14th, 1900, to January, 1902, is given in ficure 11. 


Continued Experiments of Transplanting Clams in Reserved 
Plots—The transplanting of clams by sowing the small spat, 
measuring from { to $ inch in length, was tried on a small scale in 
the summer of 1900, and it was clear from these preliminary trials 
that the method had many distinct advantages over that of plant- 
ing the older clams. The spat can usually be found in great 
abandance in certain restricted localities, or can be obtained in 
spat collectors. The young clams burrow more rapidly and more 
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surely than the larger ones, and are therefore more,easily trans- 
planted. In the summer of 1901 these experiments were extended, 
and between two and three acres of shore were sown with these 
small clams (see figure 6) taken from Green’s Island, where, as 
before mentioned, they were exceedingly thick. They were sown 
on several plots, on different kinds of soil, and under various other 
conditions. The plots were, for the most part, staked out, adver- 
tised, and posted in accordance with the requirements of the law 
(see page 46). Certain strips of shore were sown and not staked 
out, in order to ascertain what the effect would be of sowing and 
not protecting. The record of the plots sown is given in tabula- 
ted form below. 
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Some of the results of this method are given in the last report 
in the form of life-size photographs of clams about five months 
after planting (see figures 2 and 3, report for 1901), and the re- 
sults of the examination of the beds in January, 1903, a year and 
a half after transplanting, are here given, as briefly as possible, in 
tabulated form. The experiment numbers correspond to those of 
the table given on the preceding page, and to facilitate reference 
to that table, the data are reprinted here in italics. 
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These experiment indicate clearly that it is not necessary to dig 
up the shore frequently in order that clams may thrive. They 
show, on the contrary, that the shore,if properly stocked with 
small clams and left undisturbed, will become exceedingly produc- 
tive. To obtain the best results, clams should be allowed to grow 
two years. Nothing could be more short-sighted than the policy, 
or lack of policy, now in vogue, when no effort is made to increase 
the product; when all shores are dug indiscriminately ; when 
small clams are taken, which, were they allowed a few months of 
life, would, without expense to anyone, increase many hundred 
per cent. in bulk. To form an estimate of the proportion of under- 
sized clams which are constantly being taken, it is necessary only 
to pay a visit to any of the popular Rhode Island clam-bakes. 

There is much difference of opinion in regard tothe question of 
the damage to small clams from covering over with soil in the 
process of digging, and we have made a few preliminary experi- 
ments to determine this point. The experiments are on too small 
a scale,*perhaps, to have great weight, but they are significant so 
far as they go. Three hundred clams, one and one fourth inches 
in length, were planted in different depths and in different posi- 
tions and covered over with soil (a muddy gravel in which clams 
thrived). After four days they were carefully uncovered, and a 
record was made of their change in position and of the number 
which died. The following table gives the result in brief form : 
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TABLE No. 3. 
Depth as a Factor in Planting.—Results Four Days After. 


| 


z Poa ae bh a an 
| = — | = ae “a= 3 
fog |e ls 3 5 ay 
hi te Wes zc ret S we 
Depth of Planting. | Method of Planting. a | 3 g H = gf 
| 5 7, 7, 3 | a - 
| Bele Z Fe < 
Just covered over.. Inverted......... 25| 22} 38/|None.| 1 = 34) = 27 
‘Buried flat... ...| 25! 24) 1/|None.| 17-3" 2" 
Normal position..| 25] 25 0,None.| 4"-1"-4”| 24” 
M ~ | - y | aA a ford a 
SLX IMEMES ve 4-2 ads: imvgertedirnensess Wea aly 8 |None.| 4”-6"-7"| 6” 
Buried flat....... | 925) 19 6|None.| 3”-5"-7"| 53” 
| 
| 
Normal position. .| 25} 23 2 |None.|1"-3"-5"-| 4” 
| 
IGA EIETEO Gs boo coke | 50> 10 ae 3 /)10"-5"-4"| 7” 
Twelve inches...... Buried flat... ..--| 150) 2% | 29) None.) 9"-67—9"| 8” 


Normal position..| 50| 383] 17|None.| 1’-4”"-8"| 6” 
| 


There may have been some other cause of death than their 
being buried, but the greater mortality among those which were 
buried deep and among those which were in an unnatural position’ 
lying flat or with the snouts down, would seem to show that their 
being buried was the chief cause of death. 


The Enemies of the Clam.—Passing by the arch enemy, man, 
there are many lesser enemies of the clam — perhaps more 
than are known at present. The free-swimming spat are doubt- 
less devoured by most of the animals which, like the oyster, mus- 
sel, barnacle, and many other species, derive their food from the 
microscopic forms which swim in the water. After the clam has 
set, and while it is preparing to burrow, star-fish, mummychogs, 
ducks, crabs, etc., feed upon it. Even when it has burrowed, it is 
not secure from its natural enemies. Evidence of the destructive- 
ness of two of these, the rock-crab, and one of the sea snails 
(Neverita), has been observed during the past summer. 
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The Rock-Crab.—Anyone who frequents the shore, and has ever 
watched the incoming tide, knows that the rock-crabs, are seen in 
great numbers following the encroachment of the water, eager to 
take possession of the new territory. This is especially noticeable 
on the evening tide. These crabs, as may be readily observed, are 
enormous feeders, and evince a shrewdness in overcoming difficul- 
ties and taking advantage of situations which is quite remarkable. 
To just what extent they may be detrimental to the clams is not 
known. In all probability they help destroy the young clams 
which are just setting, and a clam which is unfortunate enough to 
push its way out of the soil would be made short work of. In the 
early part of September an incident was noticed which showed the 
possibilities in a crab. A rather small-sized crab, about 14 inches 
across, was seen to attack and eat a large scallop, measuring about 
24 inches across the shell. The crab approached the seallop and 
warily touched it with one claw. The scallop immediately closed 
up. The crab quietly waited till it opened, and then quickly 
thrust its claw into the opening between the shells. The scallop 
closed over the claw, but the crab did not appear to be concerned 
about it. When the scallop again opened, the crab turned its 
claw so that the opening would be kept as wide as possible, and 
then proceeded to tear out the rim and viscera and eat them at 
its leisure. 

Because of this observation, an experiment was made to 
show whether the crabs could be induced to dig up large clams. 
A large box (14 feet x 4 inches across the top and 14 feet deep) 
was filled with sand, and fifty clams, averaging 14 inches, were 
buried just below the surface. Four large rock-crabs were put in, 
and the top covered with wire sereen. The box was then set out 
just above low-tide mark, and being opened, two weeks later, the 
surface was found to be covered with shells. Upon screening the 
sand, only twenty-nine clams were found alive. The bare shells, 
with broken edges, bore witness to the fate of the other clams. It 


is not to be concluded from this that under normal circumstances 
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the crabs ever touch clams of this size. But it does show that 
they would, if compelled by hunger. 


As a control to the above, experiments with small snails were 
carried on; and the small percentage of deaths would make im- 
probable the supposition that the clams in the former experiments 
had first died and had then been eaten by the crabs. 


Sea Snail.— Neverita.—(Figs. 13 and 15).—Often along the shores 
where clams occur, shells are found with holes neatly bored 
through them, usually near the hinge. These holes, which are 
nicely countersunk, measure almost 7;-inch in diameter. Similar 
holes are frequently found in the quahaug shells (Fig. 13). The 
holes in quahaug shells are easily traced to the sea snail 
(Veverita), since in almost every case where a Veverita is found, 
if one will examine the under side, a quahaug will be found buried 
in the folds of flesh. It would have been natural, judging from 
the similarity of the perforations in the clam and in the quahaug, 
to assign them to the same cause ; but since the clam lies buried 
in from 6 to 11 inches of soil, and both the snail and the quahaug 
are surface animals, it is difficult to say positively that the cause is 
the same, unless these perforated clams are some that have made 
their way to the surface. In the early part of September, Mr. Ma- 
dison, while digging in one of our experiment beds, brought up a 
Neverita and clam together from a depth of six inches. The 
Neverita had not as yet finished its work, but had already pene- 
trated the shell. The presence of great numbers of bored shells 
along the shore where clams are thickest gives evidence of the de- 
structiveness of the snail, but it is likely that many of the shells 
are not brought to the surface and that many more are washed 
away. 

A rather crude experiment was tried, to determine the amount of 
damage which the snail would do in a limited time. An orange 
box, with two compartments, was inverted over a part of one of 
the clam-beds after the surface of the ground had been cleared of 
debris. One Weverita was placed in each of the two compart- 
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ments. A fortnight later the box was taken up. In one side, 
neither the snail or any bored shells were found; while on the 
other side, the Veverita was found five inches below the surface 
of the ground near a shell of a clam which had evidently just been 
eaten. The bored shells of seven others bore witness to the 
snail’s voracity. 

Paddler Crabs (Blue crabs).—There is a general belief among 
clam diggers that the paddler crab is an enemy of the clam. Some 
consider them to be the controlling factor in determining whether 
the clams in any season will be abundant or not. Often large 
holes are found where the young set is abundant. These holes 
have an appearance similar to those which hens might scoop out 
in making nests, and some longshoremen have seen the “paddler” 
digging down and picking out the little clams. In order to acer- 
tain exactly the amount of injury which the crabs might inflict upon 
clams, three large ones measuring 5 inches across the back were 
confined in a space (8 ft. x 3ft.) in one of the commission beds 
where the clams averaged about 26 to the square foot. The box 
had the bottom removed, and was covered over with wire screen so 
the paddlers could be observed without removing the box. A 
little over a month later (85 days) the box was finally removed. 
Only one crab remained alive, and there were no signs of its having 


attempted to dig, although the clam holes were very thick under 
the box. 


AN ACT IN AMENDMENT OF CHAPTER 174 OF THE GENERAL LAWS OF 
RHODE ISLAND, ‘‘OF THE INLAND FISHERIES.” 


[Passed March 29, 1901.} 


It is enacted by the General Assembly as follows: 


SECTION 1. Section 2 of chapter 174 of the General Laws is hereby 
amended so as to read as follows: 

“Src. 2, -The commissioners of inland fisheries shall introduce, protect, 
and ‘cultivate fish in the inland waters of the state, and may make all 
needful regulations for the protection of such fish, and shall prosecute for 
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the violation of such regulations and of the laws of the state concerning 
inland fisheries. (They may in their discretion, from time to time, make 
experiments in planting, cultivating, propagating, and developing any and 
all kinds of shell-fish ; and for the purpose of so doing may from time to 
time take, hold, and occupy, to the exclusion of all others, in one or more 
parcels, any portions of the shores of the public waters of the state or 
land within the state covered by tide-water at either high or low tide, not 
within any harbor line and which is not at the time of such taking under 
lease as a private and several oyster fishery: Provided, that the land so 
held and occupied at any one time shall not exceed three acres. Said 
commissioners upon taking such land shall forthwith give public notice 
thereof by advertisement in some newspaper in the county in which said 
land is situated, which advertisement shall contain a description of said 
land: they shall also forthwith notify the commissioners of shell fisheries 
of such taking and shall transmit to them a description of said land, and 
shall also stake out or otherwise mark the bounds of said land. Said 
commissioners may make all needful regulations for the protection of the 
land so taken and of all animal life and other property within the lines 
thereof and shall prosecute the violations thereof.) They may co-operate 
with the fish commissioners of other states, and they shall make an annual 
report to the general assembly of their doings, with such facts and sug- 
gestions in relation to the subject for which they were appointed as they 
may deem proper. Said commissioners, whenever complaint is made by 
them or either of them for a violation of any regulation made by them as 
aforesaid, or for violation of any of the provisions of this chapter or of 
chapters 171, 172, and 173, shall not be required to enter into recognizance 
on such complaint or become liable for costs thereon.”’ 

SEC. 2. Section 3 of chapter 174 of the General Laws is hereby amended 
so as to read as follows : 

“Sec. 3. The said commissioners shall cause a copy of any regulation 
made under the authority of the preceding section to be filed in the office 
of the town clerk of any town in which any waters stocked with fish, or 
land occupied for experiments under the authority of the preceding section 
and to which such regulations may apply, may be, and shall also cause a 
copy of such regulations to be advertised in some newspaper published in 
the same county.”’ 

Skc. 3. Section 4 of chapter 174 of the General Laws is hereby amended 
so as to read as follows: 

‘Src. 4. Every person who shall violate any of the regulations made 
by the commissioners of inland fisheries under the authority of the 
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provisions of the preceding three sections, or who shall take any lish, 
fish-spawn, or any apparatus used in hatching or protecting fish, from any 
pond, lake, river, or stream stocked with or set apart by said commission- 
ers or by private parties for the protection and cultivation of fish with the 
consent of the town council of the town where such cultivation is carried 
on, without the consent of such commissioners or, if the cultivation of 
fish be carried on by a private party, without the consent of the person 
cultivating the same, or who shall trespass within the boundaries of any 
land which may be taken and occupied by said commissioners for their 
experiments in relation to shell-fish, authorized by section 2 of this chap- 
ter, shall be fined not exceeding three hundred dollars or be imprisoned 
not exceeding six months or be both fined and imprisoned, in the discretion 
of the court before which the offender shall be tried.’’ 
Sec. 4. This act shall take effect from and after its passage. 


Figs. 4 AND 5.—Spat collector on the shore of Mr. Alexander’s estate at Rumstick 


Point. The upper figure shows the collector closed at about half tide, and the lower one 
gives a view of the conditions with which the clams contend in the water. One of the 
tour covers is lifted and ice has been taken from the inside. 


: Fic. 7.—Clams set at Green’s Island in the summer of 1901; taken from the same place 
in January, 1902. These clams were therefore about a year and a half old. Photograph 
natural size. 
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Fra. 8.—Specimens of clams set at Green’s Island, 1901; transplanted to the Kicke- 
muit river when about the size of thosein Fig. 6; and finally dug in January, 1902. These 
clams were one year and one-half old. Photograph natural size. 


Fic. 9.—Specimens of clams set at Green’s Island in 1901; transplanted on Corn 
Island, Wicktord, when about the size of those in Fig. 6; and finally dug in January, 
These clams were one year and a-half old. Photograph life size. 
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__F iG. 10.—Specimens of clams set at Green’s Island in 1901; transplanted to south shore 
of Mill Cove, Wickford, when about the size of those in Fig. 6: and finally dug in January, 
1902. These clams were one year and a-half old. Photograph natural size. 


Fia. 11.—Clams set in Point Judith pond since the opening of the breach, and dug 
October 20, 1902. Life size. 


Aug. 14, 1900. 


Sept. 8, 1900. 


Sept. 20, 1900. 


Sept. 20, 1900. 


Jan. 30, 1902. 


Jan. 17, 1905. 


Fria. 12.—Clams set in the summer of 1900 in clam catcher, and raised in sand boxes. 
The various specimens, taken at intervals, represent their growth during two years and 
a half. (See page 34.) The difference in size of the two specimens on Sept. 20 1900, is due 
to the difference in locality. 


_Fia. 13.—Shells of Neverita, and shells of quohaugs and clams showing the holes 
drilled by the Neverita. In the smaller quohaug shell the hole is not drilled completely 
through the shell. Natural size. (See page 45.) 
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Fia. 14 represents a specimen of the clam from one of the undisturbed beds, and 
shows the epidermis, or skin, of the clam partly covering the shell. 


FiaG. 15 is from a photograph, taken through the water, of the living Neverita in the 
expanded condition. Natural size. 


vas 
: oats 
TTT 


Fig. 16.—This represents one of the largest clams taken at the very low tides which 
often occur in midwinter. These clams are Ordinarily beyond the reach of the clam- 
diggers, and consequently live to be of great size. Natural size. 


3. 17.—Collection of clams taken from an area 6"x 6" in the clam catcher at Rumstick Point. All of these ms entered the clam catcher in free-swimming condition since the summer of 1901. 
‘These clams were dug January 17, 1908, Life . (See page 88.) 


Fic. 18.—A specimen of clams embedded with mussels; taken from Nayatt Point in 
January, 1903. Life size, from photograph. 
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VIII. Tue INVESTIGATION OF THE QUAHAUG. 


This species, Venus mercenaria, variously called the quahaug, 
quohaug, cohaug, cohauk, quohog, quog, hard-shell clam, and 
(when of small size) little-neck clam, is one of great importance 
among the food animals of the Bay. Inquiries have come to the 
commission, from various sources, regarding the breeding habits, 
growth, and means of cultivating the quahaug. It is not possible, 
at present, to give satisfactory answers to these questions, and 
your commission has begun an investigation of the life-history 
and habits of the animal. The work is in the hands of Mr. A. K. 
Krause, and a preliminary statement of the investigation he has 
undertaken is given in the following pages. 


PRELIMINARY REPORT ON THE HABITS AND LIFE-HISTORY 
OF THE QUAHAUG—( Venus mercenaria.) 


A. K. KRAUSE, BROWN UNIVERSITY. 


Questions which naturally present themselves at the beginning 


of this investigation are: 


What is its geographical distribution ? 

What is its distribution in relation to depth of water ? 

What is the breeding season ? 

How, when, and where are the eggs laid ? 

What are the habits of the young fry ? 

Are they free swimming, like those of the soft-shell clam ? 

Do the fry “set,” like clam and scallop, and what are their hab- 
its after setting ? 

What is their rate of growth? 

At what age do they breed ? 

What are their natural enemies? 

What is their food ? 

To what extent do they wander or migrate ? 

What can be done to increase the supply of quahaugs in the 
Bay? 

The systematic investigation of these questions was begun in 
August, 1902. Inquiry among the fishermen who are familiar with 
the quahaug brings out a variety of different opinions in regard 
to them, and an examination of the literature fails to give satis- 
factory answers. Quahaugs are found in greater or less abundance 
in all parts of the Bay, from the shore which is exposed at low 
tide to considerable depths. 


The smaller sizes were found to be very abundant in Mill Cove, 
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Wickford. In the interval of shore between high and low tide 
levels they might have been taken in great numbers at any time 
since August. When the tide is out, they rest normally under a 
thin layer of soil, and seem to have a peculiar affinity for anything 
that will serve as a support. While they do not limit themselves 
to this special kind of environment, it is nevertheless noticeable 
that in any particular area of shore they are more numerous in the 
immediate vicinity of stones, clumps of sea-weed and eel-grass, 
large shells, or any object that has become fixed in the dirt. They 
cluster around almost every stone of any size, imbed themselves 
in the spaces between the roots of the eel-grass, and, if a larger 
quahaug has fixed itself for a shorter or longer time, the smaller 
ones frequently gather around it. In warm weather they seldom 
move around on the portion of shore from which the tide has re- 
ceded, but in cold weather many of them come to the surface. 

Digging was carried on during late August and early September 
at Rumstick, Nayatt, Sheep Pen, and Coggshall’s Coves, Ports- 
mouth, the Bonnet, and the northern end of Conanicut, but of all 
places surveyed, Mill Cove showed them in greatest abundance. 
Here they were so numerous that on September 5, 1902, I gathered 
425 within a radius of three feet. As late as January 17, 1903, I 
found that they had not appreciably decreased in numbers. 

In order to determine the breeding season I have closely fol- 
lowed the methods employed for the soft-shell clam. (Described 
more fully in report of 1899, pp. 43 etc.). There have been three 
lines of experimentation: First, the examination during the year of 
large numbers of adult quahaugs, to see whether these contain ripe 
eges and sperm at any particular time; second, the skimming of 
the surface of the water with a silk tow-net, which will take in 
any free-swimming larve that may be present in the water; and 
third, the endeavor to catch such larvze in a car, where they may 
grow and develop under artificial conditions. 

It will be necessary to continue these experiments through at 
least one year, in order to interpret them, for they have given, as 
yet, mainly negative results. 
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Another attempt to get at the breeding season of the quahaug 
was made by an indirect route. As soon as the collecting of qua- 
haugs in the prolific area at Wickford began, it was noticed that, 
though the animals were apparently just as numerous at one time 
as another, their sizes varied little. There was not the increase in 
size that one would expect if the quahaugs have a short and defi- 
nite breeding season. There were just as many small quahaugs 
found at the end of September as at the beginning of the month ; 
and, in fact, the catch in January from the same place showed 
that there were as many small animals as in the previous Septem- 
ber. (Fig 19). At first it would seem that this similarity in size 
means that the quahaugs are breeding throughout the year, a sup- 
position that other evidence contradicts rather than substantiates. 

It is possible, and even probable, that the young fry of the qua- 
haug behave like those of the clam; that they “set” upon coming 
in contact with sticks, stones, eel-grass, and other hard objects 
along shore. Here again the data is, as yet, insufficient to war- 
rant a conclusion. It is true that, as a general rule, more quahaugs 
of the smallest sizes so far obtainable are to be found in the eel- 
grass; but this does not necessarily mean that the quahaugs 
“set” here and attain a certain size before they venture beyond 
the confines of the eel-grass. Unlike the clam, the quahaug is an 
animal that possesses the power of locomotion to a comparatively 
high degree; and it may “set” almost anywhere on shore, and 
then make its way into the eel-grass. This is a point that remains 
to be determined. 


tate of Growth. — The measurements used in determining rate 
of growth in the quahaug are the following: 


1.—The dimension from the hinge to the free edge of the valve, 
or the dorso-ventral diameter. 
2.—The long diameter. 


3.—The thickness of the animal, or the lateral diameter. 


On August 20th six quahaugs were measured, marked, and re- 
planted. Their dimensions on this date, on September 5th, 


Fria. 19.—The above figures represent a series of quohaugs taken January 17, 1903, 


showing the gradation in size referred to on page 52._ The clam shell and quohaug shells 
in the lower part of the figure illustrate the method of determining the rate of growth 


by notching the shell. The growth takes place at the edge, and the notches are left as 
distinct marks upon the shell. 
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and on September 26th, are here given in millimeters (1 mm, 


—y'z of an inch). 


25 


TABLE No. 4. 
Dorso-ventral diameter (hinge to edge of shell). 


Aug. 20. Sept. 5. Sept. 20. 

INO MUON ooo cbs nee aah Gee. 23.5 mm. 24.5 mm, 26.0 mm. 
REMI Shere toes ws wid Se Ok ahedee, Ghee me toe 1egay,| OHOR 2S 20:0 
GO TF Eee eee Ree e! ha bi oictns otic TBO). 2 none taken. Sore 
BORA ai sictal atalcra oo Tages ete otet ed PoE TOE OM is 19.5 mm. Zila OR ae 
Sele Gad sis, cick cxsks MIA Ma oR 19.0 ~“ PAV) oh 210) >< 
sic Giatadel cirarcb ic, spohtimn AA GN one enteee Tals oie Pilea Me 22. ete PY)” a 


Antero-posterior diameter (length). 


INFOS IES, Cte cereeie nteitasitte omioht nsondene sO MIMI 28.0 mm. 30.0 mm. 
SP UP) a LS ain nie CN ee RES ORME RC A SEER Stan OTe tan ZOO tes 
Sem D A Sewrare goechicd Mei atre al seieteeh ualesey suuehs ese « NGO) PF none taken. Z0EOW des 
HGP LE oy ee tieet OOS, BEEN RIT Meee rey met ONE) aa 22.0 mm. 2sO 
PUM O MeN ote rvenensidsescetemals /euahelous bile cers PAO ce 22 Om wal ()) Se 
BU Gis Ce Sais Ren Cees ote acre 23-00: 2ALO e Ao) = 


TNIG RAL 2's Spica BoP OR ic oth. Sern ae ea rae 13.5 mm. 14.0 mm. 14.5 mm. 
SEPRRO CES ceric tals le hs, > ay ticko hice ernee D0 Say 1270), 5; 
OO ERA Es SC aos MUERTE cht ae rere Ons none taken. 10205 = 
Born ANE Pave eh Pale te s. cns.6 <, sieve. 41's uehickokes pes OFONwies 11.0 mm. LOR Dy oe 
Se OBO Utd CCRC REE EIDE ete erceoeceo ilo) LE Oe rae Oe 
301i, 610 3¥o:0.d EE RO ene Wiley) 1250) iss IO. o% 


Analysis of these figures shows that the average growth per 
animal in the dorse-ventral direction was 2.5 mm., and in length 
3.75 mm., for the five weeks between August 20th and September 
26th. This would permit an average weekly growth of 0.5 mm. in 
breadth and 0.75 mm. in length. These particular quahaugs were 
placed under favorable conditions. They were kept in a car in the 
house-boat float, where they were covered with water continu- 
ously, and thus assured a food supply as abundant as possible. 
Unfortunately they were lost about the first of October, so that 
no further data concerning their growth is obtainable. 
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On September 10th, a hundred quahaugs were planted in a box 
whose bottom was covered with sand. The free edges of the 
valves had been notched so that their subsequent growth could be 
determined at any time by measuring from the notch to the edge 
of the shell. Specimens taken from this box on October 16th, or 
thirty-six days after planting, showed an average growth of 2.0 
mm. (from the hinge to the edge). This would mean a weekly 
average growth of 0.4mm. The box was placed at about half-tide 
level on the south shore of Mill Cove. 

On October 16th, four hundred quahaugs were planted in the 
soil at low tide level on the south shore of Mill Cove, and directly 
down from the box planted on September 10th. - These quahaugs 
have been living under conditions that are as natural as could be 
given them. They are in the same soil from which they were 
taken, and have a limited area (about five feet square) over which 
they can move. Covering them, protecting them from enemies, 
and confining them to the space to which they were transferred is 
an inverted box, whose sides have been driven into the mud and 
whose wooden bottom (which is now the top) has been replaced 
by awire screen. On January 19th, 1903, specimens taken from this 
colony showed a growth that in the dorso-ventral direction aver- 
aged only 1.1. mm. This indicates a slow growth as compared with 
that of the clams planted in the sand bar on September 10th. 
The latter had grown 2.5 mm. since October 16. 

This marked difference in the rate of growth of quahaues dur- 
ing the same period may be due to several causes, such as their 
position with reference to the depth of water and the character of 
the soil in which they were planted. Further experiments are now 
in progress which have particular reference to the influence of soil 
upon the rate of growth. If this factor is potent in determining 
the growth, the fact is of considerable importance from the eco- 
nomic point of view. 
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IX. ExXprrmMents IN LOBSTER-CULTURE. 


The question of the importance of building up the waning lob- 
ster industry of Rhode Island needs at the present time no argu- 
ment. The fact that the lobsters are becoming scarce, and that 
the demand is very great, notwithstanding the increase in price, 
which makes that formerly common food distinctly a luxury, is all 
too obvious. One Providence dealer alone imports from outside 
our State more than thirty thousand dollars’ worth of lobsters 
annually, and the Commission of Sea and Shore Fisheries of 
Maine estimates the value of the catch of lobsters in Maine for 
the year 1902 at $1,226,561. How to stop the decline of the indus- 
try is not a new problem, but is every year becoming a more 
serious one. Every State which has a lobster fishery has passed 
laws restricting, in various ways, the catching of lobsters; and the 
United States Fish Commission, as well as those of some of the 
States, has spent large sums of money in attempting to Increase 
the supply by hatching the eggs artificially. 

The new line of attack suggested and strongly urged in 1898 by 
Professor H. C. Bumpus, then a member of your commission, and 
Director of the U. S. F. C. laboratory at Woods Holl, has 
been developed and carried into effect by your commission during 
the last three years: namely, the development of a feasible 
method of protecting the young lobsters through the most perilous 
stages of growth. Your commission have devised an apparatus 
entirely unique in principle and application, which has made it for 
the first time possible to rear lobster fry through these early 
stages in considerable numbers. 

A second significant step which has been taken toward the solu- 
tion of the problem of lobster-culture is the demonstration beyond 
possibility of doubt that the young lobsters can live through the 
winter in the shallow estuaries of Narragansett Bay, where they 


are subjected to the extreme cold of winter and to the increased 
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freshness of the water in the early spring. The progress of these 
investigations has been recorded in the reports of the commission 
of the last three years, and the following pages give, besides a 
brief review of the early reports, the results which have been 
obtained during the past season. 


HABITS AND GROWTH OF THE LOBSTER, AND EXPERI- 
MENTS IN LOBSTER-CULTURE. 


(THIRD PAPER.) 


A. D. MEAD AND L. W. WILLIAMS, 


BROWN UNIVERSITY, PROVIDENCE, R I. 


The investigations recorded in this and the two previous papers 
on the same subject have been conducted in the endeavor to con- 
tribute new data which, combined with those obtained by 
Herrick,* Bampus, and other writers, should furnish an adequate 
knowledge of the lobster and the conditions under which it lives. 
Definite information relating to the following questions is not only 
of general biological interest, but of direct economic importance : 
the geographical distribution of the lobster, and its distribution 
relative to the depth of the water; its breeding habits, including 
the time, place, and frequency of breeding, manner of depositing 
and caring for the eggs, number of eggs deposited and the 
method of their dispersement, age and size attained before breed- 
ing begins, and the numerical proportion of males and feniales; 
the habits of the young fry, their movements, their food and 
manner of feeding, their natural enemies, their adjustment to phys- 
ical conditions such as temperature and density of water, their 
rate of growth, manner and frequency of moulting, the changes 
in structure and habits which accompany the early moults; the 
habits and requirements of the young lobsters which have passed 
through the earliest stages; the rate of growth and age of lob- 
sters up to the marketable size; the migration of adult lobsters 
along the shore and to and from the waters of adjoining States ; 
their migrations to and from deep water; the rate of growth of 


*Bulletin of U. S. F. C., Vol. XV, for 1895. 
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large lobsters, and the extreme age to which lobsters may live and 
breed. 

Besides these questions, additional ones confront us in any 
attempt to overcome the abnormal conditions which the excessive 
fishing for lobsters has created: for example, the problems of 
hatching the eggs artificially in such a manner as to increase the 
natural number of fry, and of depositing the newly hatched fry 
where the conditions are more favorable than those which sur- 
round them when deposited naturally; the possibility, feasi- 
bility, and the methods of confining, feeding, and protecting the 
young fry until they can take care of themselves much better 
than when they are first hatched; and the possibility, feasibility, 
and methods of rearing the lobsters from the egg to maturity in 
confinement. Upon the solutions of such problems will depend 
the future of a great fishing industry in which Rhode Island, be- 
cause of her location, is particularly interested. 

Of the problems enumerated above, those referring to the hab- 
its of the fry, to the rate of growth, and methods of rearing the fry 
from the earliest stages to the adult, have especially engaged 
the attention of this commission. In order to render intelligible 
the work of the past season, we must briefly review some of the 
facts already published. 

Geographical Distribution, and Distribution Relative to Depth of 

Water.—The lobster ranges from Labrador to Delaware, and in- 
habits the waters from the very shore to a depth of more than 100 
fathoms. “It is thus confined to a strip of the Atlantic Ocean 
about 1,300 miles long, and at some points (as the coast of 
Maine) from 30 to upwards of 50 miles wide.” (Herrick.) 

Breeding Habits— The eggs are laid, for the most part, in 
the late summer, July and August, but the laying season varies 
within certain limits according to the latitude, and frequently 
extends into the fall and winter in the case of certain indi- 
viduals. The eggs are carried, through the winter and spring, 
under the tail of the females, attached to the swimmerets, and the 
hatching begins in May and ends about the middle of July. The 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. 59 


number of eggs deposited varies with the size of the lobsters, and 
probably also with other conditions, since one lobster may bear 
three times as many eges as another of the same size. The num- 
ber of eggs is known to vary from 3,000 to over 90,000, as may be 
seen by consulting the following table: 


TABLE No. 5. 


smalles argest verag Nu i 
Beupil e f — ee . . ath ber ae cs ber N ae eee 
et of eggs. of eggs. of eggs. examined. 
SEMMITICHES Abts oa precaho nee aoe 3,045 9,135 4,822 6 
84+ SM Ni chexs indy Sans aor pee eae 6,090 7,612 6,851 2 
84 ee ERNE ears GPa Abt Lys 3,045 12,180 6,935 9 
82 CSUN Vaiss en At hc at an 6,090 9,135 7,105 3 
9 ce A Pee ehaiecte Me AEs Ae rot ato es 18,270 7,902 143 
94+ Oc ak rere vk aye open ie Ouse 6,090 12,180 9,083 By3) 
94 Bey Pa aes Ma Saisie orePgian Mel eRe ce 5,045 20, 792 9,297 241 
9% Ma og errata TL oinh te CeO 3,045 15,225 9,947 DD 
10 OE OM eG Ther a uss AaPsh Merete y oceer 3,045 24,360 10,555 514 
104 Fare ARTs ASABE oc ASE 6,090 22,838 11,622 61 
1034 Tok ge agsh uLceer MOET! chon ce oe ke ee 3,045 36,540 12,905 532 
102 eh let ial 2 ee i aie 6,090 24,360 14,067 45 
11 Sept PPL Yt Aon spor sh apeno kaye, arava 3,045 48,720 15,410 568 
114 CS torte ul Sie ie AU a ae ee 6,090 25,882 17,102 43, 
114 SOT ett ce cle br USO aO RAT Or 3,045 42,630 18,668 307 
11% OY no BA NCIC: CREED CECT ee 12,180 24,360 17,998 11 
12 SOAR SSS AES Ooi ie oO, 3,045 54,810 21,351 414 
124 SSL gM als cos. syed oc sso fe bedsad 18,270 27,405 23,396 58 
124 SOME My Seite So tis sete here ee 9,135 42,650 24,812 156 
12? Sep fois Neate e a Shouts Gastatcaatenans 18,270 42,630 26,390 12 
13 a> ol a cee ee ae 6,090 48,720 28,610 321 
13+ Be Oe Sid be eee cr cnee 24,360 48,720 33,495 5 
134 GO 655 ees REC aD 6,090 54,810 32,858 146 
132 cee Mere One ores AOS een 42,630 42,630 42,630 2 
14 RE MMODe 3s S in us curate teucots 6,090 85,260 36,960 426 
144 MMAR atc lsl sso Peck 21.315 60,900 42,968 + 90 
115: Ee So Ce PRE RTEESS Bacicis c 12,180 97,440 46,524 280 
154 COMME Ard. Sk a em reesieey AI kL d cine 54,810 1 
154 ST A ane eR Rn fe oP Sia) 97,440 53,7195 45 
152 Cee ane Cy eR cei Side 48,720 54,810 50,750 5 
16 wo es Ea de ah err Hite 24,360 97,440 57,146 103 
164 eM os Soros Ry 2 oycnseas cfkna Dra e eee eek a Wa 11 ee 66,990 il 
164 re RE Ne bye tio I ae ONO LO. 85,260 66,055 ey 
ii gO MSR ucenae alee con. hk Gly, 12,180 85,260 * 63,336 36 
174 MM erate aC chote ale aia ea Delnebe 60,900 73,080 64,960 3 
18 SOC4 | ie ee ea See ee .... 60,900 91,350 77,430 7 
19 CO aE ies, Sei ORT es Ece Pea 54,810 91,350 171,647 4 
PO teuleer WMS Ie yO XK ANIME Clery aree re stl a-nckers <8) evepoicusiay ars Lr sxeyrects snail fos hens 4,645 


Table of the production of eggs compiled by F. H. Herrick from 4,645 
observations upon egg lobsters brought from various localities into the U. 
S. F. C. lobster hatchery at Woods Holl. (See Herrick, p. 51.) 
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There is apparently no limitation to the localities where eggs 
may be deposited. The very young fry and females carrying eggs 
ready to hatch are found from shallow water to very deep water. 
Tn the latter part of June, 1902, Mr. Vinal N. Edwards, the veteran 
collector and naturalist of the Woods Holl Fish Commission sta- 
tion, found young fry swimming at the surface about 40 miles off 
No Man’s Land. There are many stories of doubtful authenticity 
relating to the maternal care which female lobsters display for the 
young, but they can hardly be reconciled with what is known of 
the habits of the newly hatched fry. The latter are entirely free, 
have no means of attachment, and are readily scattered by the 
tides and waves. 

The Size Attained by Lobsters before They Begin to Spawn. — This 
question is one of obvious importance in view of the almost uni- 
versal short-lobster legislation. It would seem, from common 
observation, and from the results obtained by Herrick from the 
large number of measurements, that the majority of female lob- 
sters begin to spawn when they are about 103 inches in length. 
They occasionally spawn at 8 inches, or even at asmaller size ; and, 
on the other hand, they sometimes reach 12 inches without having 
spawned. Whether they have ever spawned or not can be proved 
with reasonable certainty by dissection. Herrick found that of 61 
female lobsters from 9 to 13 inches in length, taken at random, 25 
had never spawned, though 9 would have done so in a few weeks. 
(Eleven of the 25 were 103 inches or more in length.) 

These investigations should be extended, but at present the 
facts seem to indicate that, if the Rhode Island law intends to 
protect lobsters until they have had at least one chance to spawn, 
it should be altered to conform with the 10-inch law of Maine 
and Massachusetts. 

The Numerical Proportion of Male and Female Lobsters. — In 
general the sexes seem to be about evenly divided, but in certain 
localities and at certain seasons of the year one sex or the other 
may predominate. For example, in May, 1894, of 1,318 lobsters 
caught off No Man’s Land, only 84 were males; while north of 
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Plymouth, according to Atwood, in 1886, fully three-fourths of the 
catch were males. (Herrick, pp. 73-74.) 

Habits of the Young Fry.— The young lobsters, after hatching, 
shed their skin three times during as many weeks; and following 
each moult there is a marked change in the structure as well as in 
the size of the animals. Accordingly, it is convenient to desig- 
nate the young immediately after hatching as belonging to the 
“first stage ;” after they have moulted once, as belonging to the 
“second stage,’ and so on. The surest and quickest means of 
distinguishing the different stages is by the appendages along the 
underside of the abdomen (tail). In the first stage there are none ; 
in the second stage several pairs of swimmerets are present ; in 
the third stage appendages appear upon the end segment of the 
tail. The fourth stage is so different from the preceding ones 
that no difficulty is ever experienced in distinguishing it. 

During the first three stages the lobsters swim near the surface 
in an aimless, jerky way, that reminds one of a “ wiggle-tail” 
(mosquito larva). They are entirely unfitted for a bottom life. 
The thorax bears five pairs of forked limbs, which ultimately 
become the walking limbs of the lobster. One branch of each 
leg — the lower — extends forward and downward, and is used 
solely for feeding ; the other, which is fringed with long hairs, 
bends upward to the side of the thorax, and by vigorous down- 
ward strokes helps to keep the larva afloat. The abdomen 
(“tail”) of these lobsters is bent downward at right angles to the 
body, and is the chief swimming organ, and by meaus of rapid, 
irregular, downward strokes sends the animal tumbling over and 
over. When the lobster has nearly reached the surface, it often 
rests for a little, and sinks gradually toward the bottom. Al- 
though insatiate and voracious, the young lobsters do not seem to 
search for food ; and, although the sea is full of enemies, among 
which their own fellow lobsters are conspicuous, they do not try 
to avoid them, nor in any way show fear. 

The duration of each stage is indefinite, depending upon the 
water temperature, the food supply, and the general health of the 
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lobster. The first stage lasts about three days, the second about 
four or five days, and the third usually about five or six days, 
though the length of each period varies greatly. From nine to 
sixteen days (sometimes longer) are required for the larvee to pass 
from the first to the fourth stage. 

A most marvellous change of form, and an even more astonish- 
ing change of habits, occurs at the third moult. The emerging 
fourth-stage lobster has the general form of the adult. The abdo- 
men is no longer bent down at right angles to the body, but, as 
in the adult, extends straight behind. The downward stroke of 
the abdomen, which was the chief means of motion during larval 
life, is now used, as in the adult, only for rapid retreat. ~All five 
pairs of walking lees have lost their upper branches, and the first 
pair, which now are the large characteristic “nippers,” are ex- 
tended straight in front of the head while the lobster is swim- 
ming. The other walking legs are relatively shorter than in the 
larva, and are fitted for walking. These structural changes are 
accompanied by more radical changes in habits and instincts. 
The lobster, no longer helpless upon the bottom, burrows under 
shells or stones, and forms a home, from which it sallies forth to 
crawl over the bottom, or swims about in search of food, and to 
which it retires when satisfied or attacked. A new style of swim- 
ming, which lasts only a week or two, is now adopted. The tail 
being extended straight behind the body, and the large claws 
extended in front of the head, the lobster swims forward in a 
straight and perfectly definite course by the strokes of the swim- 
merets. No trace of its former aimless activity remains, for the 
lobster now actively seeks food, avoids enemies, and retreats from 
danger. The active, but careless and helpless, infancy has been 
succeeded by enterprising, independent youth. The fourth-stage 
lobster has passed the most critical period of its entire life and is 
vastly better fitted for the struggle for existence than at any 
earlier stage. 

Habits and Requirements of Young Lobsters Which have Passed 
Through the Earliest Stages. —- Young lobsters from 1 to 5 inches in 
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length are frequently found under stones along a rocky shore, 
and sometimes are caught in traps, on sandy, muddy, or rocky 
bottom ; they are often found also in the stomach of the cod and 
dog-fish, at a long distance from the shore. They are, therefore. 
of wide distribution, as far as the depth of water, character of 
the bottom, and distance from shore is concerned. The lobsters 
which have been raised at the house-boat of this commission have 
furnished an excellent opportunity for observations upon the 
habits of the animal during this little-known period of life. The 
hiding and burrowing habits which are taken up when the fourth 
stage is reached continue to be characteristic of the lobster dur- 
ing the adolescent period, and doubtless throughout life. In the 
‘cars where they are confined, the young lobsters show a ready 
appreciation of anything which will serve as a hiding place, such 
as shells, stones, broken tile, or seaweed. ‘There is also a marked 
individuality among lobsters, which is displayed in their prefer- 
ence for certain nooks, burrows, or other places of concealment, 
and in the relative timidity or boldness in the matter of feeding 
and of fighting. This factor can by no means be left out of ac- 
count in an attempt to ascertain the rate of growth, age of matu- 
rity, ete. Some individuals soon take the lead of the rest in point 
of size, from the fact that they are more enterprising and get 
more food, and once they acquire this advantage, they do not 
give it up, but constantly menace the safety, and, indeed, the life, 
of the less courageous individuals. The result is that, in every 
instance where a considerable number of lobsters in the fourth 
stage are put into a car and kept apparently under the same con- 
ditions, a great difference in growth occurs, and after a few months 
certain individuals are found to be twice the length of others. 
Some interesting and important questions have arisen in regard 
to the habits of the young lobsters during the winter season. Do 
they, as is commonly supposed, migrate into deep water when the 
cold weather comes on? If so, would these migrations take them 
outside our Bay? Can they withstand the cold of winter, and the 
freshened water of early spring? The extent of such migrations, 
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if they occur, is not at present known; but occasionally lobsters 
less than three inches ‘long are washed ashore by heavy gales in 
midwinter, and this would indicate that all had not gone into deep 
water. Such a phenomenon is recorded by Vinal Edwards, at 
Woods Holl. On January 28, 1882, after a severe storm, Mr. Ed- 
wards found many of these specimens on the shore at Nobska 
Point, and on the point where the United States Fish Commis- 
sion station now stands. Sixteen of them were preserved, and 
their measurements recorded in Herrick’s monograph, page 164. 

We have succeeded, in Wickford, in raising some of the lobsters 
hatched in the summer of 1900 and 1901. These were carried 
through the winter in cars, which were sunk in the channel at the 
entrance of Mill Cove, at a depth of about eight to ten feet at 
mean tide. The surface was often frozen over, and when the cars 
were raised in the spring, the lobsters were subjected to compara- 
tively fresh water (the density of the water in the cars on May 
11, 1901, was only 1.0095, while the average density is about 
1.020). In these experiments the cars were sunk in November 
and not raised until spring, except in one instance. Some food 
material probably entered the cars through the wire screening, 
but other than this no provision was made for feeding the lob- 
sters. They seemed not to have suffered from their long fast, and 
when, on the occasion referred to, one of the cars was raised in the 
latter part of December, they were certainly in no mood for feed- 
ing, but were so torpid with the cold that they could readily be 
picked up with the hand. Those taken out for samples became 
very lively when they were warmed. 

These observations prove conclusively that the conditions of 
our more shallow estuaries meet the actual requirements of the 
young lobsters the year round; and they point also to the conclu- 
sion that perhaps the migration into deep water in the winter is 
limited, and that their disappearance is in part due to the torpor 
produced by the cold, which makes the animals at this time less in 


evidence than during the warmer months. 
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Rate of Growth of Young Lobsters Beyond the Fourth Stage. — 
We have attempted at Wickford to raise the young lobsters from 
the egg to maturity, in order to determine not only their habits 
and requirements at various stages and in various seasons, but to 
ascertain as nearly as possible the normal rate of growth. The 
experiments in this line were begun in 1900. A number of lob- 
sters in the fourth stage were put into cars provided with sand, 
eravel, seaweed, etc., to simulate as closely as possible the natural 
environment. The sides of the cars were made of galvanized 
iron screening, which allowed a free circulation of water. Dur- 
ing the summer the cars were suspended from the house-boat, or 
from floats, so that the water in them was about eighteen inches 
deep. In the fall they were provided with tight-fitting covers, 
and were sunk in the channel in from eight to ten feet of water 
(see p. 64), and left undisturbed until spring. The lobsters were 
frequently fed during the summer, but in the winter no food was 
given them, although they may have obtained some from the 
water or from the animals which grew in the car. The same 
methods were pursued in succeeding seasons. The question at 
once arises, does the rate of growth of these lobsters, kept in con- 
finement, fairly represent the rate of growth in their natural envi- 
ronment? It is impossible to answer this question definitely at 
the present time, but the following facts have a bearing upon it. 
The cars seemed to furnish a natural environment, for not only 
were the lobsters in a healthy condition, but seaweed, oysters, 
clams, mussels, shrimp, tunicates, barnacles, various specimens of 
marine worms, and other animals grew inside of the cars as rap- 
idly and normally as in other places. Other experiments have 
proved that star-fishes, raised in similar cars, maintain a normal 
rate of growth. 

More direct evidence may sometime be derived from a com- 
parison of the size of lobsters in the cars at a certain age with 
that of specimens caught at certain times of the year in lobster 
pots, under stones, in the stomach of codfish, ete. The hatching 


season of the lobster is, in our waters, apparently definite, and 
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extends between the latter part of May and the middle of July. 
When, therefore, lobsters two or more inches in length are caught 
from the ocean during this hatching period, it is practically certain 
that they are at least one year old. If a considerable proportion of 
these should be of the same size as the specimens which have 
been raised and kept in confinement for a year, it would show that 
the latter had kept pace with some, at least, of the lobsters in the 
natural habitat. In Herrick’s tables of measurements, of about 
sixty lobsters between 1} and 6 inches long, he gives two speci- 
mens, which were caught in June, at Woods Holl. One of these, 
caught June 1, 1891, measured 695 millimeters (equals 2? inches) ; 
the other, caught on June 30, also at Woods Holl, measured 74,5 
millimeters (3 inches.) The measurement of the Wickford lobsters 
on May 31, 1902, when they were about a year old, showed that, 
of the twenty-five specimens, eight were equal in length, or longer, 
than the June 1 specimen of Herrick’s table. Three of our speci- 
mens were 74 millimeters or over (see table 9.) 

The comparison of only two specimens caught from the ocean 
is an uncertain basis for general conclusions, but it shows, at 
least, that some lobsters in natural conditions do not grow more 
rapidly during the first year than some of those keptin the cars. 

The accompanying tables explain themselves, but there are a 
few points which deserve especial attention. The size of the lob- 
sters of the same age varies greatly, though they are reared in 
the same car and under apparently the same conditions This is 
ereatly marked in the lobsters two or three months old (table 6) 
and is also evident among the oldest lobsters raised. The 
measurements of length hardly give a correct impression of the 
amount of variation, for a slight difference in the length means a 
creat difference in bulk. Figure 23, reproduced life size, from a 
photograph taken October 20, 1902, of three lobsters, about 1 year 
and 4 months old, gives a better idea of this variation. The im- 
mediate cause of these variations is probably the difference in the 
amount of food taken by different individuals, and this, in turn, 
depends upon accidents of location, etc., which bring the food to 


F1G. 23.—Three lobsters of the same age, illustrating the differences in the rate of growth. They were hatched in summer of 1901, and photographed 
alive October 23, 1902. Age about one year and four months. Life size. 
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the lobsters ; but it depends also upon the difference in disposi- 
tion of individual lobsters, for, when food is put into the car there 
is enough for all, but some individuals prove themselves to be 
much more courageous than others in foraging for food. ‘ 

The second point which we would emphasize is similar to the 
first, namely, the greatly increased rapidity of growth in the lob- 
sters, which are placed only a few in a ear (see table 99. Cars 
No. 53 and No. 54, as compared with cars No. 52 and No. 56). 
Fear of one another, rather than the difference in the amount of 
food put into the car, is the main factor in bringing about this 
discrepancy in the rate of growth. The general problem of the 
rate of growth and the factors which control it is worthy of care- 


ful investigation. 
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TABLE No. 6. 


Measurements of Lobsters Hatched in 1900, Showing Growth During 
First Summer. 
(Each column represents a separate car). 
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Hatched May 31. 
Measured Sept. 15. 
Age 8; months 


Hatched June 10. 
Measured Sept. 15. 
Age 3 months. 


Hatched June 26. 
Measured Sept. 15. 
Age 24 months. 


mm. Inches. 
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35) 13 
37, 14% 
38 1k 
38 13 
40) iL 
40) 12 
40, 12 
42] 12 
45] 12 
Av. 32.6 1+ 
Total No. 25. 


Total No. of 1900 lobsters in cars on September 15, 149. 
Average length, 31.8 mm. 
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114 inches. 
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The Migration of Adult Lobsters Along the Coast, and to and 
from Deep Water, —'These are extremely important questions, in 
view of the relations of the fisheries of adjoining stations. Migra- 
tions of both kinds doubtless occur, but to what extent, and for 
what reasons, is not understood. Off the shores of Nova Scotia 
and Maine the lobster-fishing smacks follow the seasonal migra- 
tion to and from the cars, and it is said that a “ late season” re- 
tards the approach of lobsters toward the shore in the spring. On 
the other hand, winter catches near shore are often considerable, 
and male and female lobsters sometimes differ in the extent of 
their movements. It is not impossible, moreover, that the ap- 
parent disappearance from certain localities may be due in part to 
a sort of hibernation. 

Very interesting information has been obtained in regard to the 
movements of egg lobsters, liberated from Woods Holl.* Four 
hundred seventy-nine lobsters, from which the eggs had been 
removed, were tagged and liberated from several points near 
Woods Holl. later, seventy-six of these were recaptured by 
fishermen, and the copper tags returned. Many other tagged 
specimens were doubtless caught, which were not heard from, 
and some lobsters probably moulted, and so lost the tags. 

The data gained by these experiments, however, showed great 
variation in the movements, and a remarkable rapidity of migra- 
tion in certain cases ; while many of the lobsters were recaptured 
in the same locality three or four weeks after they were liberated, 
others had travelled at an average rate of a mile a day for ten to 
twelve days. One, for example, was liberated at Woods Holl, 
July 2, and was caught at Cuttyhunk, twelve miles distant, on 
July 13. It had travelled twelve miles in eleven days. Whether 
these specimens were seeking better food, warmer water, deeper 
water ; whether they were following a general direction, or were 
impelled by a home instinct, cannot at present be said with cer- 
tainty. 


*H. C. Bumpus, on *‘ The Movements of Certain Lobsters Liberated at Woods Holl During 
the Summer of 1898.”’ Bulletin of U. S. F. C., 1899. 
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During the past summer a total of 112 lobsters, to which had 
been fastened a small copper tag, bearing a number and the 
words “ Return to the Rhode Island Fish Commission,” were lib- 
erated at various times near Wickford lighthouse. Sixteen of the 
tags were recovered, and the data concerning the migration are 
given in the accompanying table. Although the greater number 
of those returned had not wandered far, some had made their way 
southward for several miles, and when recaptured were already 
outside the Bay. The lobster bearing the tag “103,” which was 
caught one mile southwest of Beaver Tail, holds the record up to 
date for fast traveling, having covered a distance of 10 statute 
miles in less than eight days. The method of tagging the lob- 
sters is illustrated in the accompanying picture, reproduced from 
the photograph, and a little under natural size. It is impossible, 
of course, to be sure that all of these lobsters which were recap- 
tured have been heard from, for in these experiments we must 
depend entirely upon the courtesy of the lobster fishermen, who 
may sometimes not take the trouble to return the tags. These 
experiments have not been carried far enough to allow us to 
arrive at any very general conclusions, but it is hoped that in the 
coming seasons much more may be learned by this method, or an 


improved one, concerning the movements of adult lobsters. 


Fic. 24.—Adult lobster with copper tag attached to beak. Lobsters thus tagged are 
liberated at certain stations, and lobstermen are requested to return such tags, if retaken, 
to the Commission, giving date and place of capture. Valuable information on the move- 
ments of lobsters has also been obtained by this method. 
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TABLE No. 10. 


Table Showing the Movements of Female Lobsters from which the Eggs 
have been Stripped, Which Were Liberated from WickfordLight House, 
Each Lobster Bearing a Copper Tag, with the Words, ‘ Return to the 
Rhode Island Fish Commission.” 


| @ |2 
<2) 
Tag LIBERATED. RECAPTURED. 2 | ae 
| Date. Date. + |S 2 si 
. : 5 jo 3 KS 
No. Locality. Locality. 3 |s= 3 
E anew =) 
Bia ee 
Zz \A a 
147 Wickford Light House....|July 7.|Whale Rock Light......... Aug. 1. |.25'| 9) E. of S 
| | 
103 | cS .  ...-| “ 7.|1 mile S. W. Beaver Tail...|July 15. | 8] 10] E. of S 
5 | a si ““ ,..-|June 4.'2 miles S. Beaver Tail..... va %.%| 38 | 11 || Hoots 
25 oy a “ ...| ‘¢ 4./South end Conanicut...... |Aug. 18.| 75 | 7 | B. ofS 
22 at 3 os Pe Ae erescts wo araxere olin &: aveiaracotareietoere etocetcrs Kuby ales E. of 8 
36 a 2; oer etoile con WVCS tuna SSA icteyateiiete ste ate Aibsonoosacay Mess laeel|| HOt S 
64 y. re Soa. | suabeen lel WESUy PASSA Cl tal oir ratetsvetecercollloeniet A paowe Haloxe}| fers E. of S 
148 uP Se oe ayciailo lyre tel WES) RASSARC y's re iotercre sleet lettre foleleie wenaleent | POLS 
151 oj an ewan bile| Wiest PaSSAP Ose nccemesineece les apna ob Meret | etetetel| POLIS 
156 = oe PY oeeo|| 22 ia MGR EERE Fon so ooareagacg|bocududacd ieve.si|lecerelel| | ALI OL Ie 
| 
43 f oe ‘* ,..-|June 5./1 mile S. of Plum Beach.../June 8. | 3] 4% E. ofS. 
58 | : * 7,|Coon’s Ledge..........2.+- ST COE deen INGE 
15 Ms vy eee | are soicliWickford micht Houses. ose.) 2sealtas en On eae 
18 He “4 “....| “° 4,)Stone Beacon, Wickford..| “ 16.| 2) 1 N. E. 
149 ws Sf Seeded | AULYea et WALCO PROC K «1. « cisiesietsieiistes Aug. 10. | 34 | 9] E. ofS. 
INA MDET MUD STAUC OD elemratteisctersiste esos, asfatcie(oie.2iolnte, ojese/sie%e.« eleievejeisie 112 
INUMIDEL PECADEULEO crprtartalelare\cless)e syareis}sis aveltre/sraleiecelelais/eia/velslofe.s 16 


The Rate of Growth of Large Lobsters, and the Limits of Size 
and Age. — We have unfortunately little information on the rate 
of growth of adult lobsters, although we greatly need it. It 
would seem probable that there is a difference in the rate of 
growth among individuals, according to circumstances, like that 
which is so remarkable in the case of younger lobsters. They 
increase in length only directly after moulting, and this increase 
is, on an average, about 15 per cent. of the original length, accord- 


ing to the observations of Herrick, but we do not know how often 
10 
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the lobsters moult. We have ascertained that the fry, immedi- 
ately after hatching, shed their skins three times during the first 
two weeks, and afterwards less frequently, but with no fixed period 
between moults. It is certain, also, that in the case of egg-bear- 
ing lobsters, the moulting cannot take place while the eggs are 
carried, from July or August to the following June, without loss 
of the eggs. Until some way shall be devised of putting a mark 
upon the lobster which can easily be recognized after the shell is 
shed, we can hardly expect to settle the question definitely. 

There is apparently no definite limit to the size attained by 
lobsters. There are authenticated published records of several 
large specimens, measuring 20 inches or over from the beak to the 
end of the tail. Two of the largest of these were taken off Atlan- 
tic Highlands, in the spring of 1897, and are now preserved in the 
American Museum of Natural History. They measure respect- 
tively 23? inches and 214 inches from beak to end of tail, not in- 
cluding hairs. The larger specimen, which was for a time exhib- 
ited in Castle Square Aquarium, weighed thirty-four pounds when 
alive ; the smaller one about thirty-one pounds. Herrick described 
a large male specimen which was caught in Penobscot Bay, in 
May, 1891. The length as measured was 20 inches, but would have 
been about 21 had the beak been perfect; the hving weight was 
about twenty-three pounds. He also mentions two large female 
egg-bearing lobsters caught by Vinal Edwards, fifteen miles south 
of No Man’s Land, in 1894. One of them was 19 inches long, and 
carried 91,350 eges (estimated) ; the other was only 16 inches in 
length, but carried 97,440 eggs. During the last fall a lobster of 
unusual size for our waters was taken in a fish trap off Newport. 
It weighed nineteen pounds, and measured 15? inches in length. 
This specimen is now in the museum of the commission at the 
State House. 

These descriptions of large specimens of modern times, and 
their actual measurements, seem tame beside the tales of giant 
lobsters in literature and tradition. Alice Morse Earle, in her 
“ Colonial Days in Old New York,” says: “ Patriarchal lobsters 
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five and six feet long were in the bay. Van Der Donck says, 
‘those a foot long were better for serving at table. Truly, a lob- 
ster six feet long would seem a little awkward to serve. W. Eddis, 
in his ‘Letters from America, written in 1792, says these vast 
lobsters were caught in New York waters, until revolutionary 
days, when, ‘since the late incessant cannonading, they have 
entirely forsaken the coast, not one having been taken or seen 


Ja. 


since the commencement of hostilities. So far as this commis- 
sion has been able to ascertain, they have not yet returned. 

Artificial Hatching of Lobster LKggs and the Distribution of 
Newly-Hatched Fry.— For years the United States Fish Commis- 
sion has hatched at Woods Holl, at Glocester, and at some other 
stations, many millions of eggs annually, and have set free the 
young as soon as possible after they were hatched. The theory 
which warrants this practice is, that the fry, which are thus dis- 
tributed in deep water, are in less danger from their natural ene- 
mies, which, like the mummychog and shrimp, abound in shallow 
water. The apparatus used in hatching is the well-known McDon- 
ald jar, into which the eggs are placed immediately after they 
are “combed” from the females. In these they are kept swirling 
sometimes for weeks, by a constant stream of salt water. We 
have found that the apparatus described below, devised at our 
floating laboratory for rearing the young fry, is equally good for 
hatching eggs. It has also the advantage of the usual method in 
the matter of simplicity and expense. 

The Possibility, Feasibility, and Methods of Protecting the 
Newly-Latched Fry.— The steady decline of the lobster fishery, 
notwithstanding the restrictive laws and the large output of 
newly-hatched fry, emphasized the need of other methods. In 
restocking streams with fish, the fry are not only hatched, but are 
often raised for a time after hatching, and protected from their natu- 
ral enemies during their early, most precarious period of life. There 
are most excellent reasons why this method might be expected to 
succeed in the case of the lobster: First, the fatal conspicuous- 
ness of the lobster fry in the early stages ; and second, the sudden- 
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ness with which, at the third moult, they assume the new form 
and habits which render them comparatively secure. The advis- 
ableness of this procedure was long ago recognized, and experi- 
ments in this line were tried in many places ; but there were cer- 
tain difficulties presented by the peculiar habits and requirements 
of the fry which, until the last three years, proved unsurmount- 
able. The main difficulties were those of confining and feeding 
the fry, and of preventing the growth of parasites on the shell. 
(See reports of the R. I. F. C. for 1899-1900-1901.) 

In 1898 Dr. H. C. Bumpus commenced a systematic re-investi- 
gation of the whole problem. Experiments were carried on in 
1898 and 1899 at Woods Holl, and in 1900 some of them were 
transferred to the house-boat laboratory of the Rhode Island Fish 
Commission at Wickford. Up to this time a great many devices 
for enclosing the fry were tried, and proved to be impracticable, 
and the one which finally promised the best results was a scrim 
bag, suspended in the water so that the movements of the tide and 
wind would frequently change its shape and prevent the fry from 
collecting too densely in any one place. The meshes of the scrim, 
of course, allowed a free circulation of water through the bag; but 
even in this apparatus, when the weather was calm, the lobster 
fry, together with unused food, would settle into the pockets 
which were made by the weights necessarily used to keep the bag 
under water. When the weights were taken off, the least wind 
would blow the bag out of the water, and this was very trying to 
the young lobsters. Near the end of the season of 1900 a new 
principle was applied, on which has depended in a large measure 
the success of the subsequent work. 


“ After making numerous experiments and watching the results 
for about five weeks, we gradually came to the conclusion that the 
secret of success in rearing the young lobsters was to keep the 
water in continuous motion. This accomplishes two things: it 
prevents the fry from settling into pockets to smother or devour 
one another, and it keeps food in suspension, so that the fry can 
obtain it. | 
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“To prove the correctness of this conclusion with the material 
and apparatus at hand, it was decided, on July 6, to experiment 
with lobsters which were at that time in small bags. Accordingly 
the force at the laboratory was divided into watches, and the 
water in the bags was thenceforth stirred with an oar continuously 
until July 12. The result was ample proof that the conclusion 
was correct. There were two lots of lobsters which received this 
treatment, namely, experiments 9 and 10 (tables on page 78). 
Neither of these lots was considered to be as promising as the 
average. However, from No. 9 there were obtained 748 lobsters 
in the first stage. This is a larger number than were obtained in 
any other experiment, either at Wickford, Woods Holl, or in any 
other station where lobster-culture has been tried, so far as I am 
aware. From lot No. 10,319 were obtained in the fourth stage ; 
but as one of the bags was old, and had a hole in it, the figures 
fail to give a correct idea of the results of the experiment. One of 
the most encouraging results of this method was the clean and 
healthy appearance of the fry in all stages. The continual stir- 
ring prevented the accumulation of parasites found on the body 
of nearly all of the specimens in the other lots. 

“Tt is intended during the next season to follow up this experi- 
ment with others, working upon the same theory, namely, that the 
water should be constantly stirred. To do this it will be necessary 
to invent a mechanical device which will take the place of the oar, 
and designs for such an apparatus are now being made.” * 


The mechanical device referred to was put into successful oper- 
ation in the season of 1901 at Wickford, and is described in the 
report for that year. The apparatus consisted of a number of 
rotating horizontal paddles, one in each bag, run by a gasoline 
engine. The movement of the paddle blades created a constant up- 
ward current of water in the bags, which kept the fry off the bot- 
tom and kept the food suspended in the water. Through its use 
9,000 lobsters were raised to the fourth stage, and in some experi- 
ments 50 per cent. of the newly hatched fry were carried through 
to this stage. That this was a decided step in advance of the old 
methods will readily be admitted by those who have followed the 
course of previous experiments. 


* Report of Rhode Island Commission of Inland Fisheries for 1900, p. 71. 
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The success of these experiments led the commission the past 
year, 1902, to enlarge the plant and to attempt to raise to the 
fourth stage a large number of lobsters, hoping to show that lob- 
ster culture upon a large scale is practicable. The apparatus used 
in 1901 was correct in principle, but there were three objections 
to it: first, the bags were too small for work upon a large scale ; 
second, the material used in construction was not very durable, 
and also became foul quickly; and. third, the rope-belts were 
troublesome on account of their shortening and lengthening, and 
also because they were more or less in the way. To correct these 
difficulties, larger bags of two different sizes were used :— The 
smaller ones were 6 feet square and 5 feet deep, and each had a 
capacity of 151 cubic feet. Three of these occupied the well be- 
tween the pontoons of the house-boat, and took the place of the 
twelve smaller bags of the previous year, and had nearly twice 
their capacity. Besides these, six others, 12 feet square and 5 feet 
deep, were placed in two large floats built especially for this pur- 
pose, and moored on either side of the house-boat. The nine bags 
which were used in this summer’s experiments had a total capac- 
ity of 3,955 cubic feet, which is sixteen times the total capacity of 
the twelve bags used last year. 

The material which was used in the construction of the bags 
was 8-ounce canvas, and was, of course, much more durable than 
the scrim which had been used previously. In order to admit a 
free circulation of water in these bags, windows of copper screen- 
ing were placed in the bottom and in the sides near the top. The 
rotating propellers created an upward current through the bottom 
windows and flowed out through the windows at the side. The 
rope-belts were displaced by a system of worm wheels and 
matched gears which gave a neater construction and a more 
direct transmission of power, and which had the additional advan- 
tage of not being affected by the weather. All of these changes 
proved to be advantageous, and the apparatus is now so satisfact- 


ory that the commission propose few changes during the coming 
year. 
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One chief object which has been kept constantly in mind in the 
construction of this apparatus is the possibility of its use at any 
station where the water is comparatively quiet, and also the pos- 
sibility of extending indefinitely the capacity of the apparatus 
without the expense of a large amount of additional machinery. 
The floats, such as were attached to either side of the house-boat, 
ean be attached to one another, and the power transmitted from 
one float to another by the coupling shafts, such as were used _ be- 
tween the house-boat and the float; and it is probable that the 24 
H. P. engine which we have used is capable of running three or 
four times as many paddles. 

The accompanying photograph and drawing will illustrate, 
without much further description, the essential features of the 
construction and proportions of the apparatus, but there are a 
few features to which we may refer especially: The canvas bags 
seem to become foul much less quickly than those made of scrim, 
and the small windows in the former provided a sufficient area for 
the incoming and outgoing currents of water. The current created 
by the moving paddles tended to draw in the bottom of the bags, 
but this tendency was easily counteracted by laying strips of fur- 
ring across the bottom framework. The bulging out at the sides, 
from the same cause, was a distinct advantage. An experiment 
was tried with a bag of the small size (6 x 6 feet square) made of 
tarred bobbinet. This bag, whether from the fact that it was 
tarred, or that its meshes were larger than those of the scrim bags, 
became less foul than the others ; but since it was fragile and ex- 
pensive to construct, only one of these was put into use. 
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DIAGRAM OF THE LARGE CANVAS BAG USED IN LOBSTER CULTURE. 


The bag is 11 feet 8 inches square and 5 feet deep, made of 8-ounce cam- 
vas, and is supported by a gas pipe frame. 


=! 


9: 


Small boards nailed across the corners of the bag compartments of 
the floats. 

Vertical pipe, 5 feet long, which passes through a hole in the board (1). 

Coupling screwed on the top of vertical pipe (2). This coupling rests 
upon an iron washer through which the pipe passes. The whole 
frame may be raised out of the water by drawing the vertical pipes 
upward. 

Three-way coupling, into which two horizontal pipes (5) are screwed. 

5 feet horizontal pipes 12 feet long. Four of these pipes make a square 
frame upon which the bottom of the bag is stretched. All pipes are 
t-inch galvanized gas pipe. 

Hem 3 inches broad around the bottom of the bag. The pipes of the 
frame are slipped through these hems before the frame is put 
together. 

Hem 2 inches broad at top of bag. A small rope run through this 
‘hem and looped over the tops of the corner pipes (2) holds up the 
sides of the bag. 

Bottom windows (20 x 30 inches) through which water enters the bag. 

Side windows (5 feet long, 10 inches broad, and placed 10 inches from 
the top) through which the water escapes from the bag. These 
windows are covered on the inside with linen scrim, which prevents 
the lobsters from being caught in the copper screen. The windows 
are made of No, 16 copper screen. 
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DIAGRAM OF THE FLOATS AND MACHINERY FOR 


16: 


LOBSTER CULTURE. 


Barrels for support of float. Three barrels on the near side, and all on the far side, are 
omitted. ; 


Longitudinal beams, 6 x 6 inches x 39 feet. 

Transverse beams, 6 x 6 inches x 19 feet. 

Upper transverse beams, 4 x 6 inches x 13) feet, 

Upper longitudinal beams, 4 x 6 inches x 39 feet. 

Mooring chain; two others do not show in drawing. 

Mooring iron and buffer ; three others do not show in drawing. 
Corner brace of float. 

Wooden blocks supporting shafts. 

Shaft hangers. All unbabbited, save those supporting transverse shafts. 
Longitudinal shaft of fioat; 1 inch in diameter, 26 feet long. 
Match gear wheels fixed to shafts by set screws. 


Vertical or paddle shaft supported by longitudinal beam (4). This shaft is 6% feet long 
and is made of two pieces (6 feet and 1% feet long) of 34-inch galvanized gas pipe. 


Movable transverse beam which forms lower bearing of shaft. The beam of the middle, 
and the greater portion of the beam of the forward compartment are not represented. 


Paddle. Blades 4 feet long and from 5 to 7 inches broad are fastened by bolts to pipes 
screwed into the tee at the lower end of the shaft. 


Transverse shaft of float, 10 feet long. This shaft makes 108 revolutions per minute, and 
by means of a worm and wheel transmits power to the longitudinal shafts which re- 
volve 9 times per minute. 


Transverse shaft of house-boat, 16 feet long. This shaft receives power from the engine 
by means of a 2-inch belt running on an 18-inch pulley, and transmits the power to the 
longitudinal shaft (22) of the house-boat, and the transverse shafts (15 and 26) of the 
floats. 


17. Universal joints and sliding joints which connect the transverse shafts of the house- 
boat and float, and allow motion in all directions so that the swell and wave motions 
do not disturb the operation of the machinery. 


Belt from engine. 

Gasoline engine 24 horse-power, speed 329 revolutions per minute. 
House on bow of boat. 

House on stern of boat. 


Longitudinal shaft of house-boat 19 feet long. The vertical shafts and the lower match 
gear wheels are omitted. 


Longitudinal beam across the middle of the well of the house-boat. This supports the 
longitudinal shaft (22). 


Well of house-boat containing three bags 6 x 6 feet x 5 feet. 

Transverse beam across well of house-boat for support of transverse shaft, 15 feet. 
Shaft and block of starboard float. 

Forward compartment of float. 

Middle compartment of float. 


Rear compartment of float. Each compartment holds a canvas bag (page 80) 12 feet 
square and 5 feet deep. 


Worm and worm wheel to reduce speed twelve times. 
11 
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Experiments with the New Apparatus in 1902,— Nearly every- 
thing in the way of apparatus used during the past season was 
new in pattern and in material, and, owing to unexpected delays 
at the factory, considerable time was lost at the beginning of the 
season. Nevertheless, the number of “lobsterlings ” raised to the 
fourth stage was several times greater than the number carried 
through at any other stage, or at this stage in previous years. 
The total output for the summer was 27,300. The largest output 
for one experiment was 12,750. This number was reared in one of 
the large canvas bags. The following brief statement gives the 
essential facts concerning the six principal experiments of the 


season : 
| 
Date of | ae . Kind of bag |No. in4th 
experiment. | Origin of Fry. used. | stage. Remarks. 
| 
| re . 
| Eggs hatched | Small serim Many lost through 

June 7-July 2. in bags. | and canvas. 3,600 hole in bag. 

| Large serim , 
June 19-July 5. sf | PD 1D: ox 750 hole in bag. 


Fry from _—s Large canvas 
June 20-July 5. | Woods Holl. | 12x12 x5, | 12,750 
| 
June 25-July 10. | it i 8,700, 
| Eggs hatched | Reared in 
June 28—July 15.,in small scrim) large canvas 
bag, bag. 1,500 


July 3-July 15. canvas bag 
failed to hatch. 


| 

| 

| | 
Eggs in large | 
| 

| 


Total failure. 


With the exception of a few hundred specimens kept for further 
experiments in growth, all these lobsterlings were set free in the 
Bay. 

During the latter part of the season a great number of micro- 
scopic animal and plant forms, consisting mainly of diatoms and 
stalked protozoa, appeared in the water and upon the lobsters. 
These growths are very injurious to the fry. They encumber its 
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movements and interfere with its feeding and moulting. As we 
mentioned in the report for 1900, they are less troublesome when 
the lobsters are constantly stirred. At Woods Holl they are a 
more serious menace to the fry than at Wickford. The whole in- 
vestigation of the character, time, and cause of their appearance 
etc., has been undertaken by Professor F. P. Gorham, who will 
soon make his report to the U. S. Fish Commission. Thus far we 
have endeavored to counteract the effect of these pests by keep- 
ing the bags as clean as possible with frequent washing in fresh 
water and by regulating the light which falls upon the bags. The 
principle of the latter procedure is that the movements of these 
microscopic organisms, as well as those of larger animals, like the 
fry themselves, are affected by the direction and intensity of the 
hight. The development of adequate methods of preventing 
these parasites from gaining access to the lobsters is one of the 


many problems which must be solved. 


THE EFFORTS OF THE COMMISSION TO PREVENT THE ILLEGAL 
TAKING OF SHORT LOBSTERS. 


At the January session of the General Assembly, 1901, your 


honorable body passed the following act: 


AN ACT FOR THE BETTER PROTECTION OF THE LOBSTER 
FISHERIES. 


It is enacted by the General Assembly as follows : 


SECTION 1. Every person who catches, takes, or has in his possession 
any lobster less than nine inches in length, measuring from one extreme 
of the body to the other, exclusive of claws and feelers, or any female lob- 
ster bearing eggs or from which the eggs have been brushed, shall forfeit 
for every such lobster five dollars, one-half thereof to the use of the com. 
plainant and one-half thereof to the use of the state; but a person catch- 
ing or taking any such lobster and immediately returning the same alive 
to the water from which taken shall not be subject to such penalty. 

Sec. 2. All lobster pots, cars, and other contrivances used for the 
catching or keeping of lobsters shall be plainly marked with the name or 
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names of the owner or owners. And every person who shall not have his 
lobster pots, cars, and other contrivances so marked shall be fined twenty 
dollars and be imprisoned not more than thirty days for each such 
offence. 

' Sec. 3. There shall be between the fifteenth day of November and the 
fifteenth day of April next succeeding a close time, during which time it 
shall be unlawful for any person to set or keep, or cause to be set or kept, 
within any of the waters of this state, any pots or nets for the catching of 
lobsters or to take any lobsters during such close time. Every person 
violating any of the provisions of this section shall be fined twenty dollars 

and be imprisoned not more than thirty days for each such offence. 

' xc. 4. No person shall be allowed to set or keep, or cause to be set 
or kept, within any of the waters of this state, any pots or nets for the 
catching of lobsters who has not had his home and residence in this state 
for the period of one year next preceding the time of his catching such 
lobsters. Every person violating any of the provisions of this section 
shall be fined twenty dollars and be imprisoned not more than thirty days 
for each such offence. 

SEC. 5. Every person, except the commissioners of inland fisheries and 
their deputies, who shall lift or raise any pot or net set for the catching of 
lobsters, without the permission of the owner or owners thereof, shall be 
fined ten dollars for each such offence. . 

Src. 6. Possession by any person of any lobsters between the fifteenth 
day of November and the fifteenth day of April next succeeding shall be 
prima facie evidence before any court of competent jurisdiction that such 
lobsters were taken in violation of this act; and every such person shall 
be fined twenty dollars and be imprisoned not more than thirty days for 
each such offence. 

Src. 7. The commission of inland fisheries shall appoint at least two 
deputies, whose duties shall be the enforcing of the provisions of this act. 
Each of said deputies appointed as aforesaid shall be by virtue of his office 
a special constable and, as such deputy, may without warrant arrest any 
person found violating any of the provisions of this act and detain him 
for prosecution not exceeding twenty-four hours. Said deputies shall not 
be required to enter into recognizance or become liable for costs. 

Sec. &. Each of said deputies shall have the right to go upon any boat 
or vessel used in the catching or transporting of lobsters and search for 
and seize any such lobsters that they believe to have been taken in viola- 
tion of any of the provisions of this act. 

Sec. 9. Fines incurred under any of the provisions of this act shall 
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inure one-half thereof to the use of the complainant and one-half thereof 
to the use of the state. 

Sec. 10. The several district courts shall have concurrent jurisdiction 
with the common pleas division of the supreme court over all offences 
under this act, and to the full extent of the penalties therein specified ; 
parties defendant, however, having the same right to appeal from the 
sentences of said district courts as is now provided in law in other crimi- 
nal cases, : 

Sec. 11. Sections 8, 9, and 10 of Chapter 173 of the General Laws, enti- 
tled ‘‘Of certain fisheries,” and also Chapter 316 of the Public Laws, and 
all acts and parts of acts inconsistent herewith are hereby repealed. 

Sec. 12. This act shall take effect from and after its passage. 


The deputies appointed to enforce the provision of this law 
have been actively engaged in this work during the past two 
years. 

A large number of short lobsters have been returned to the 
water, many of these having been shipped into the State from 
abroad. A much greater number probably never have been 
brought to shore, which, except for the enforcement of the law, 
would have been sold. It is, in the nature of the case, impossible 
to determine accurately the benefit of this or any other protective 
measure ; but the general opinion of the best class of lobster fish- 
ermen, dealers, and others interested is that the benefit is worth 
the effort. It is still very much to be regretted that the provision 
and enforcement of the lobster law are not the same in adjoining 
States. The present differences give rise to much jealousy, and are 
the cause of much actual injustice to the fishermen on the border 
line between adjoining States. Uniformity in legislation and en- 
forcement of lobster laws is greatly to be desired. 
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APPENDIX. 


The following list of special papers represents the more extended 
investigations of the commission for the last five years, and is in- 
troduced here for the convenience of those who wish to refer to 
these papers. 


The report for 1897 contains : 


1. A preliminary report on the star-fish. 


The report for 1898 contains : 


2. <A record of the dredging of the United States Fish Commission 
steamer ‘“‘ Fish Hawk,” in Narragansett Bay. 

Investigations of the red-water plague, which destroyed multi- 
tudes of fish and crustacea during the fall of 1898. 


vo 


4, Special report on the star-fish. 
5. Life-history of the common clam (Mya arenaria). 
6. Report on the tile fish (Lopholatilus chamcleonticeps). 


The report for 1899 contains : 


7. Observations on the soft-shell clam. 


List of fishes known to inhabit Narragansett Bay. 


so 


List of diatoms found in the water over the clam, mussel, and 
oyster beds at Wickford, R. I. 


The report for 1900 contains : 


10. Observations on the soft-shell clam (second paper). 

11. Habits and life-history of the scallop (Pecten irradians). 

12. Further observations on the red-water plague, with notes on its 
occurrence elswhere. 
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Additions to the list of fishes known to inhabit Narragansett 
Bay, with remarks on rare specimens recently caught. 

Habits and growth of young lobsters, and experiments in lobster 
culture. 


report for 1901 contains : 


A description of the floating laboratory used by the commission 
as an experimental station. 

Observations on the soft-shell clam (third paper). 

Habits and growth of young lobsters, and experiments in lobster 
culture. (Second paper.) 


FISH COMMISSIONERS OF THE STATES AND TERRITORIES. 


ARIZONA. 
T. S. Bunch, Fish and Game Commissioner, Safford. 


CALIFORNIA. 
H. W. Keller, President, Santa Monica. 
W. W. Van Arsdale, San Francisco. 
W. E. Gerber, Sacramento. 


CONNECTICUT. 
George T. Mathewson, President, Thompsonville. 
Robert G. Pike, Middletown. 
E. H. Geer, Secretary, Hadlyme. 


DELAWARE. 
J. Stanley Short, Milford. 
Dr. E. G, Shortlidge, Wilmington. 


FLORIDA. 
John Y. Detwiler, President, New Smyrna. 
John G. Ruge, Appalachicola. 

GEORGIA. 
A. 'T. Dallis, Superintendent, La Grange. 
V. E. Dallis, La Grange. 


ILLINOIS. 
Nat. H. Cohen, President, Urbana. 
S. P. Bartlett, Secretary and Superintendent, Quincy. 
A. F. Gartz, Chicago. 

INDIANA. 


Z. T. Sweeney, Columbus. 


IowA. 
George E. Delavan, State Fish Warden, Esterville. 
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KANSAS. 
George W. Wiley, State Fish Warden, Meade. 
MAINE. 


L. T. Carleton, Chairman, Augusta. 
Henry O. Stanley, Dixfield. 
Charles E. Oak, Caribou. 
A. R. Nickerson, Commissioner Sea and Shore Fisheries, Boothbay 
Harbor. 
MARYLAND. 
Dr. J. W. Downey, New Market. 
Clarence L. Vincent, Snow Hill. 
MASSACHUSETTS. 
Joseph W. Collins, Chairman, Room 115, State House, Boston. 
Edward A. Brackett, Secretary, Winchester. 
J. W. Delano, Superintendent of Hatcheries, Marion. 


MICHIGAN. 
George M. Brown, President, Saginaw. 
Freeman B. Dickerson, Vice-President, Detroit. 
C. D. Joslyn, Detroit. 
George D. Mussey, Secretary, Detroit. 
J. H. Johnson, Treasurer, Detroit. 
Seymour Bower, Superintendent, Detroit. 


MINNESOTA. (Offices at State Capitol.) 
Uril Lamprey, President, St. Paul. - 
W. P. Hill, Vice-President. 
D. W. Meeker, Secretary. 
H. G. Smith, Treasurer. 
S. F. Fullerton, Haecutive Agent. 
Missouri. 
Samuel T. Rathell, President, St. Louis. 
W. A. Rothwell, Vice-President, Moberly. 
E. P. Yenowine, Secretary, St. Joseph. 
Dr. P. L. Hurt, Booneville. 
John 'T. Crisp, Independence. 
MONTANA. 
W. b. Green, Kalispell. 
John F. Gowan, Butte. 
Percy Kennett, Helena, 
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NEBRASKA. 
J.S. Kirkpatrick, Lincoln. 
W. L. May, Omaha. 
R.S. Oberfelder, Sidney. 
NEVADA. 
George T. Mills, Carson City. 
N&wW HAMPSHIRE. 
Nathaniel Wenthworth, Chairman, Hudson Center. 


F. L. Hughes, Secretary, Ashland. 
William H. Shurtleff, Lancaster. 


NEw JERSEY. 


H. P. Frothingham, President and Treasurer, Mt. Arlington. 


William A. Halsey, Newark. 
Benjamin P..Morris, Long Branch. 
Richard T. Miller, Camden. 

NEw YORK. 
Timothy L. Woodruff, President, Brooklyn. 
DeWitt C. Middleton, Watertown. 
Charles H. Babcock, Rochester. 


NortTH DAKOTA. 
W. W. Barrett, Church’s Ferry. 


OHIO. 
J. L. Rodgers, Columbus. 
Paul North, Cleveland. 
Duff W. Greene, Dayton. 
Thomas B. Baxton, Cincinnati. 
Edwin M. Kennedy, MeConnellsville. 
George C. Blankner, Columbus. 
J. C. Porterfield, Columbus. 


OREGON. 
Governor, Secretary of State, Treasurer, Oregon. 
H. D. Van Dusen, Master Fish Warden, Astoria. 


PENNSYLVANIA. 
S. B. Stillwell, President, Scranton. 
Henry C. Demuth, Treasurer, Lancaster. 
D. P. Corwin, Secretary, Pittsburg. 
James W, Correll, Easton. 
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PENNSYLVANIA. 
James A. Dale, Corresponding Secretary, York. 
John Hamberger, Erie. 
W. E. Meehan, Secretary, Philadelphia. 


RHODE ISLAND. (Commission Inland Fisheries, Oftice, State Capitol.) 
J. M. K. Southwick, President, Newport. 
Henry T. Root, Treasurer, Providence. 
William P. Morton, Secretary, Providence. 
Charles W. Willard, Westerly. 
Adelbert D. Roberts, Woonsocket. 
A. D. Mead, Providence. 
William H. Boardman, Central Falls. 
TEXAS. 
I. P. Kibbe, Port Lavaca. 
UTAH. 
John Sharp, State Fish and Game Commissioner, Salt Lake City. 


VERMONT. 
H. G. Thomas, Chairman, Stowe. 
E. A. Davis, Bethel. 


VIRGINIA. 
Frank Fletcher, Chairman, Jenkins Bridge. 
Seth F. Miller, Secretary, Foster. 
John A. Curtis, Richmond. 
George B. Keezwell, Keezelltown. 
Pembroke Pettit, Palmyra. 


WASHINGTON. 
T. R. Kershaw, 212 Berlin Building, Tacoma. 
WISCONSIN. 
Edwin E. Bryant, President, Madison. 
Calvert Spensley, Treasurer, Mineral Point. 
Prof. E. A. Birge, Secretary, Madison. 
William J. Starr, Hau Clair. 
Currie G. Bell, Bayfield. 
J. J. Hogan, La Crosse. 
Henry D. Smith, Appleton. 
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